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wants VICTOR’S Versatility !! 


This man with a VICTOR torch welds mild steel extension 
handles onto high carbon pliers—a small and ticklish job. The 
same torch, by simple change of nozzles and tips, can be quickly 
converted to new job needs, such as welding large castings, heat- 
ing, brazing, descaling, flame priming, soldering—or to cutting, 
by addition of cutting attachment. 


VICTOR’s precision-built apparatus also gives you better flame 
control, saves gas, gets work done faster. Ask your VICTOR 
dealer for an on-the-job demonstration NOW. 


Model 2450 Cut- 
ting Attachment 
for VICTOR 300 
Series Welding 
Torches cuts 
metal up to 8” 
thick. 


3821 Santa Fe Ave. 844 Folsom Street 
LOS ANGELES 58 SAN FRANCISCO 7 


LOOK FOR THE VICTOR 
DEALER SIGN! 


Ask him to show you why 
it costs less to own and 
operate VICTOR. 


Dealer inquiries invited. 


1312 W. Lake St. 
CHICAGO 7 
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...now produces the best in electrodes 


The best in welders with the best in electrodes guarantees strong, 

low cost welds that mean a better product and lower production costs. 
This profit combination is available to you with! Hobart. It's bringing 

a better product, lower costs and extra profits to hundreds of the leading 
industrial plants, job shops, pipeline and building contractors. 


HOBART BROTHERS COMPANY, BOX WJ-122, TROY, OHIO 


Pipelines 


Welder Gas Drive Electric 


Welder Drive 
Welder 


ay HOBART BROTHERS CO., BOX WJ-122, TROY, OHIO 


Just tell us pour your Without obligation, send me full details on items checked below 
work, We'll Gas Drive Welder Pipeliner Weldes Electric Drive Welder 


the Hobart Welder ond Send me Welder Catalog Electrode Catalog Accessories Catalog 
Electrodes best yuited to 
your needs. 

Name 
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3 practical suggestions 


Sw elp customer maintain 
4 ae ply 


PROBLEM: Production of army tank hulls—) 
being built by one of the largest air con- 
ditioning manufacturers in the East—was 
jeopardized because of shortages and un- 
certain delivery on molybdenum-modified 
18-8 stainless electrodes. For safety, the 
fabricator wanted to maintain four sources 
of supply. But, in using 3 out of the 4 
makes of electrodes, porosity appeared in 
the welds. 
SOLUTION: M&T’s local welding sales- 
engineer investigated the problem and 
came up with the right answers. His sug- 
gestions were: 
(1) use of higher currents on all elec- 
trodes 
(2) depositing the first inch of weld on 
scrap plate to eliminate cold start- 
ing of electrodes 
(3) better storage of electrodes to avoid 
moisture pick-up 
RESULT: Satisfactory welds are now being 
obtained with all four brands of electrodes. 


/) Your nearby M&T representative is 
qualified to give you genuine assistance 
on any welding problem. Call on him 
when you need help. Make use of his 
broad background of experience in 
every phase of welding. 


Welders + hecessortes 


METAL & THERMIT CORPORATION 100 tast 42nd street, New York 12, ¥.¥. 
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elding stainless steel... 


with 


ALLORY 


100 METAL FLUTED 
ELECTRODES’ 


If youre spot welding stainless or other high strength steels 
or any alloys having relatively high electrical resistance — 
youll gel more welds per dollar with fluted electrodes of Mallory 
100 alloy. Outstanding features of these electrodes are: 


1. Fluted water cooling hole: Provides 70% more heat transfer 


area for cooling water. An exclusive Mallory design now 


produced in Mallory 100 metal electrodes through new man- 
ufacturing techniques. 


strength ol Mallory 
rs of metal- 


100 metals coupled with excel- 
' lent abrasion resistance and high annealing temperature, 
an 2> ye? 
tand more than 


application provide the ideal electrode for spot welding stainless steel. 


and 
evelopment am 


Inconel and other high-strength, heat-resisting alloys. 
o 
all typ engineering \ 
wealth © 


3. Maximum electrode life: Mallory 100 fluted electrodes pro- 


duce the maximum number of welds of good strength, quality 
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: 2. High hardness and strength: The higher hardness and 
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and consistency per dressing. By reason of the high strength 
\ding- 
tion 
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\ and hardness of the electrode material and the most efficient 
high-produe holders. \ 
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, design for cooling, the deformation of the welding face is held 

to Mallory for 

oo 


and bars: to a minimum. 
+g castings. forginers Fluted electrodes of Mallory 100 are available in all standard 
dies. —— shapes, and can be supplied in special forms to meet \our indi- 
i vidual requirements. For full details. call Mallory today. or 
contact your local distributor. 
Trade Mark. Patent Pending 


( anada, made and sold | 


» Johnson Matthey and Mallory, 110 Industry 7 


| 
P._R. MALLORY & CO. Inc. SERVING INDUSTRY WITH THESE PRODUCTS: 
Electromechanical — Resistors * Switches * Television Tuners * Vibrators 
A L L O Rg Electrochemical—Capacitors e Rectifiers * Mercury Dry Batteries 


Metallurgical —Contacts* Special Metals and Ceramics * Welding Materials 
inc., 


MALL ORT 


INDIANAPOLIS 


, INDIANA 
For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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Worn Parts Rebuilt 
Economically by 
UNIONMELT Welding 


Repair of worn tractor parts is most 
practical and economical with specially 
developed fixtures on which standard 
UN1oNMELT Welding units are mounted. 
The metal deposited by Untonmett 
welding is so smooth that no grinding 
or finishing is required. Experience in- 
dicates that resurfaced areas will wear 
as long as new parts. 

The Berkeley “Conservall” fixture is 
designed especially for rebuilding 
crawler tractor track links or rails with 
out disassembling them. The track is 
placed in a trough and clamped in po- 
side-beam carriage 


sition. LINDE 


machine by UNionmerr welding. Cams 
automatically control welding action for 


each link. 


moves the Unronmett welding 
equipment over the positioned track 
and the welding of each link is auto- 
matically started, stopped, and ac- 
curately controlled. Rollers, idlers, 
sheaves, and other circular work can 
also be welded or resurfaced on an- 


other section of the machine. 


The terms “Linde,” “Oxweld,” 


The “Leader” machine is also avail- 
able for rebuilding both cylindrical and 
flat parts. Rollers are rebuilt on top of 
the machine. Larger parts, such as 
idlers, are mounted in the chuck at the 
side of the machine as shown. With the 
flat work attachment, parts such as dis- 
assembled track rail links, grousers, 
bulldozer blades, end bits and fabri- 
cated members can be resurfaced 
easily. This attachment is operated by 


a gear which is mounted in the chuck. 


~ 


These tractor rollers and an idler were 
rebuilt at a speed of 30 in. per min. by 
Unionmecr welding. 


With-both machines, the wheels can 
be tilted for rebuilding the flanges. It 
takes only 80 to 90 minutes to rebuild a 
D-8 track roller. 


three times as long. 


Idlers take about 


Oxwetp 1928 rod is normally used 
in making these repairs. When wear is 
excessive, Oxwetp 296 rod is some 
times used for the initial buildup which 
is then finished with Oxwetp 1925 
rod. For such resurfacing, use either 
Grade 80 or Grade 90 UNIONMEL1 
welding compositions. 

For some services, a finishing pass 
with a higher alloy tube rod is applied 
to produce a harder surface. While ma 
terial of almost any hardness can be 
applied, one combining hardness and 
toughness lasts longer than one of 
higher hardness that tends to spall and 
chip. As deposited, OxweLp 1928 ma 
terial has a hardness of about Rock- 
well C-25, but in service the working 


surfaces actually develop properties 
which cause them to outwear deposits 


that are substantially harder. 


Advantages of 
UNIONMELT Build-up 


UNIONMELT welded resurfacing is 
especially attractive with these auto- 
matic machines which readily permit 
deposit rates of 20 Ibs. per hour. Sav- 
ings in time and the advantages of a 
smooth uniform deposit justify the ini- 
tial investment in automatic equip- 
ment. Important in these times is the 
conservation of metal realized with the 
process. The use of approximately one 
hundred pounds of weld metal saves 
replacement of 2,000 to 3,000 pounds 
of new parts. 

Linpe’s engineers and technicians 
will be glad to give further information 
welding. Tele- 


about UNIOoNWELT 


phone or write today, 


Unionmecr welding head on“ Leader” fix 

ture rebuilds rollers and idlers. Rollers are 

welded on top of the machine, idlers at the 

side, and flat parts, depending on their 

size, can be welded on top of the machine 
or in the flat work attachment. 


LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street Wew York 17, N.Y. 
Oftices in Other Principal Cities 
in Canada: Dominion Oxygen Company, Limited, Toronto 


and “Unionmelt” are registered trade-marks of Union Carbide and Carbon Corporation 
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Don’t scrap that crankcase 


New Welding Technique 


... Salvages cast iron crank cases 


with scored bores 


Scored or pinched bores used to mean the scrap pile for cast iron crank 


cases. But that’s not so in service departments of Autocar Company 


branches since they installed a new salvage-by-welding technique. 


Here's how it’s done — 


2 Finished weld deposit has one-bead 
thickness. Using a ‘se dia. Ni-Rod 
55° electrode, the welder first de- 
posited metal around the oil holes, 


then laid beads lengthwise in the. 


bore, working from center outward 
and on alternating sides. 


4 As good as new. After machining, 
the bore’s smooth new surface of 
weld metal is ready to receive the 
new bearing. Then the crank case is 
ready to be assembled. The first case 
salvaged this way has been in con- 
tinvous service for over two years 
now, giving perfect service. 


1 Welder deposits a layer of Ni-Rod 

55° in center brace bore, while 
crank case bolted to block rests in 
upside-down position. This crank case 
bore hole had previously been moa- 
chined down about .045" to remove 
scored area and eliminate oil-impreg- 
nated cast iron material. Fast work 
prevents store-up of excessive heat in 
cast iron brace. 


3 Now for the machining: The bear- 
ing cap is ploced in a fixture. The 
joint surfaces are ground smooth and 
in parallel, then securely fastened in 
place. A special boring bar (bar held 
in perfect alignment with the other 
bores) and Carboloy-tipped cutting 
tool machine Ni-Rod “55° deposit 
down to the original dimensions. 
(Tolerance is held to 0.0005 in.) 


1+» You can save it 
with Ni-Rod’ 


There’s one thing you know about increased 
defense production. As many broken or dam- 
aged castings as possible must be salvaged. 


And with the proper techniques and equip- 
ment you can do just that. 


With Ni-Rod and Ni-Rod “55”, for example, 
you can make sound machinable welds in cast 
iron. 


Welds that will restore equipment to essen- 
tial production and at the same time save the 
cost of replacements. 


And Ni-Rod is easy to use, too. Even a welder 
with limited experience can quickly learn to 
lay high-strength, sound, non-porous, machin- 
able welds. Pre-heating or post-heating are 
seldom required. 


For information on how to use Ni-Rod and 
Ni-Rod “55” for machinable welds in cast iron, 
write for your free copy of “Ni-Rod, an elec- 
trode for any east iron welding.” 


And remember, defense production requires 
a lot of Nickel and Nickel alloys. Therefore, 
it may take longer to get the Ni-Rod you want. 
But, you can help speed delivery of your order 
by including the D.O. or C.M.P. rating. Consult 
your distributor on present availabilities: he 
will be glad to keep you posted. And you can 
eall on him for technical information too. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N.Y. 


Write today for your 
free copy of “Ni-Rod, 
an electrode for any 
cast iron welding.” 
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Failures and Defects Encountered in the 
‘onstruction of Welded Ships 


» Different types of cracks are classified as to origin and cause with special em- 
phasis on welding procedures, fabrication, workmanship, design and materials 


by R. D. Bradway 


INCE the early days of World War 11, structural 

failures in our welded ships in service have de- 

manded our attention and have been a matter of 

concern. The recent failures of the T2 Tankers, 
Pendleton and Fort Mercer, have again focused our at- 
tention on the necessity of eliminating these failures in 
service. Much has been done and is being done both to 
find the underlying causes of these failures and to pre- 
vent their occurrence. 

Structural failures are not, however, confined to ships 
in service. Unfortunately, they also occur during con- 
struction. Although these construction failures do not 
represent the potential hazard in the loss of life or prop- 
erty that. service failures do, they should not and can- 
not be lightly dismissed. Every construction failure 
or defect of any kind, if undetected or unrepaired, may 
become the start of a service failure. However, if these 
failures and defects are properly repaired, we can dis- 
regard them as a source of trouble in service, but every 
welded repair represents a needless amount of extra 
work and expense and a disruption of the orderly com- 
pletion of work. The delay involved can be of more 
concern than the actual cost since these failures too 


Me re- 


over, both the expense and the delay are detrimental 


often occur at the most inopportune times. 


to the best interests of the shipbuilder and represent a 
needless burden. 

The ideal goal for which we all strive is, of course, the 
reduction of these construction failures and their re- 
quired repairs to the absolute minimum, for unquestion- 


R. D. Bradway is Welding Engineer with the New York Shipbuilding Cory 
Camden, N. J 

Presented at the Thirty-Third National Fall Meeting, AWS, Philadeiphia 
Pa., week of Oct. 20, 1952 Closing date for discussion Fe 15, 1953 
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ably the cheapest job is the one that is done right the 
first time. We can well afford to spend a little addi- 
tional time and effort to avoid trouble. 

It is now a requirement of various inspection agen- 
cies and owners that in addition to making the design 
conform to the Rules and Specifications, a general over- 
all procedure or plan of construction, including the 
method for a random inspection of important welded 
joints, be submitted prior to commencing work. The 
degree and extent of this control will, of course, vary 
from yard to yard. But, in all cases, it is an attempt 
to obtain satisfactory ship in the easiest and best 
manner. It must be realized that every problem that 
will arise cannot be foreseen and must be treated as it 
arises in the light of conditions existing at the time. 

I like to compare our efforts to build ships without 
failures and trouble to driving a car. Our procedures 
set up rules and methods for working, including cer- 
tain restrictions and precautions. These compare to 
our traffic laws with their stop signs and traffie signals 
placed where needed, with one occasionally placed 
All of us 


get. in a rush occasionally and slip through a “stop 


where we can see no earthly reason for it. 


sign,”’ take a chance on a “‘vellow light’ or maybe even 
run a “red light.’’ Most of the time we do this with- 
out incident, but sooner or later someone gets into an 
accident because he took the chance. Similarly, in the 
hustle of production, we cut a corner here and take a 
chance there, usually without incident, but occasionally 
we are not so lucky and a failure will result 

The basic causes for these structural failures during 
construction may be classed in the same three groups as 
were the causes for service failures, namely, Work- 
manship, Material and Design. 

Before discussing these basic causes and their par- 


ticular part in construction failures, I would like to 


Ship Fractures 111] 


4 
: 
; 


point out the difference between the causes of service 
failures and the causes of construction failures. The 
final report of the Board of Investigation to Inquire 
into the Design and Methods of Construction of Welded 
Steel Merchant Ships, convened by the Secretary of 
the Navy in 1943, stated that in all cases of service 
failures a definite notch or geometric discontinuity, 
resulting from either design or workmanship, was deter- 
mined to be the starting point. This is not always 
true in the case of construction failures where cracks 
have occurred under certain conditions of restraint 
when no notch has been present, particularly in alloy 
steels. 

Although more service fractures started at notches 
which were the result of design rather than workman- 
ship, the opposite is true of construction failures. 
Many design notches do not appear until construction 
is completed, while workmanship can, during construc- 
tion, introduce many notches or potential notches which 
are temporary in nature and will disappear as construc- 
tion continues. 

Residual welding stresses were not found to contrib- 
ute in any great degree to service failures. During 
construction, however, accumulated stresses from weld- 
ing are a major cause of cracking. 

Service fractures oecurred more frequently at lower 
temperatures because of the effect of low temperatures 
on the properties of the steel. During construction, 
failures are more apt to oceur with sudden drops of 
temperature and the resulting increase or change of 
stress therefrom. March and April, with their warm 
days and cool nights, are more to be feared than the cold 
winter months. 

In considering the basie causes of construction 
failures, let us first look at the most important one, 
Workmanship. Good workmanship, which is neces- 
sary for the elimination or reduction of failures, starts 
with proper planning which must include extent of 
subassembly, sequence of erection and welding, and the 
use of proper methods and equipment by capable 
workmen. Good design will take into consideration 
the construction methods and procedures to be used 
and will make both the planning and the work much 
simpler, which, of course, will help reduce the chances 
of construction failures. 

A good quality of work is necessary to avoid the for- 
mation of notches. This includes the work of all 
erafts because the work of the fitter, burner, chipper, 
machinist or whoever it may be preparing the work is 
just as important if not more important than the actual 
welding. In fact, successful welding is due about 
25°) to the welder and 75% to the proper prepara- 
tion. If we could only be sure that our welders 
would refuse to weld any joint until it was prop 
erly prepared, we would have far less cause to be 
concerned about the formation of notches. 

However, sound welding alone does not insure free- 
dom from notches. A notch or discontinuity is formed 
whenever a weld is not completed either for its full 


depth or extent. Unfortunately, in normal production 
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where a large share of the work is done on one shift, 
it is impractical, yes, even impossible, not to leave some 
unfinished welds. Our best hope is that the work 
will be so planned that as few unfinished welds as pos- 
sible will be left, particularly in areas where high stresses 
may be present and that certain of the more important 
welds will be worked continuously until completed. 

In these days of alloy steel there is still another prob- 
lem. These materials are successfully welded provided 
the proper electrode and procedure are used. This 
means that the various materials must be clearly 
marked from the time they are received until final 
completion of the ship. Then, of course, the work- 
men must recognize these materials and use the proper 
methods and procedures. 

On many of these alloy steels, preheat must be used 
for suecessful welding. However, heating is not a 
general cure-all and must be used judiciously as it 
can work against as well as for you. Improper heating, 
with the expansion and subsequent contraction, can 
create enough stress to cause failure, as can flame 
straightening with its heating, followed by the water- 
spray quench. 


WELDING PROCEDURES 


The part that workmanship plays in construction 
failures can best be shown by a few typical failures. 
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Fig. 1 Cracked butt weld in trunk side 


Figure 1: The cracked weld in Fig. 1 was the result of 
poor penetration and poor fusion of the weld on the 
first side with inadequate back chipping. This type 
of cracking is often found on the single-bevel weld shown 
which, because of its straight side, is difficult to weld 
satisfactorily. Fortunately, this type of weld prepara- 
tion is rapidly disappearing but cracks of this kind can 
also be found in vee welds if the joint is not properly 
prepared with the correct root opening and_ bevels. 
The erack was chipped out and the joint rewelded. 

Figure 2: The cracked weld shown in Fig. 2 was the 
result of improper back chipping The corner of the 
heavier plate should have been removed to give access 
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to the root of the weld. The repair was by chipping 
out the crack and rewelding. 

Figure 3: The poor fit of the longitudinal to the wir- 
ing tube, together with an improperly made fillet weld, 


EXTENT OF ole 
CRACK > 
" 
PL "7.65 PL 
In 765 PL 
ISS PL = 


eracked the web of the longitudinal as shown. A 
new section of longitudinal was added to make the 
repair. 

Figure 4: The cracked fillet weld shown here resulted 
from the poor fit and failure to make the proper over- 
size fillet. The repair was made by chipping out the 
eracked fillet weld and beveling the end of the plate for 
a full The importance of 


fitting and preparation for fillet welds as well as for 


penetration weld. good 


groove welds cannot be over emphasized. Too often, 
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Fig. 4 Cracked fillet weld 
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STARBOARD SIDE LOOKING INBOARD 
Fig. 6 Crack in shell plate and butt weld 
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26 Fig. 10° Crack in longitudinal starting from incomplete 
butt of face plate 
Fig. 7 Cracked shell plate from slag inclusion at weld 
intersection 


the crack and welding, taking care to 

peen the weld. Finally, the hole was 

countersunk and welded full depth 

«50 STEM PL. into a backing plate. The weld rein 

ORIGINAL BUTT =. forcement was flushed off and the 
normal weld reinforcement added. 

Figure 8: The crack in the plate 


was caused by improper welding se- 
quence in which the longitudinal seam 
weld had been carried beyond an un 
welded butt. The stresses from the 
butt welding started the crack in the 
seam from which it propagated into 
the plate. The crack was chipped to 
give a vee preparation with a backing 
SHOWING REPAIR strip after first drilling a hole at the end 
of the crack. The repair was welded, 


Fig. 8 Crack in shell plate. Shell plating stbd. looking inboard : : 
peening each pass of the weld. 


Figure 9: The crack in the deck plate started from 


% the end of the fillet weld connection to the shell as 

3) 7 stress in the deck increased due to other welding on the 

—" La aaaad ] deck in that vicinity. The erack was chipped out and 

"CRACK IN oh _ welded after first chipping back the fillet welds for 12 in. 

Figure 10: The cracks in the longitudinal were the 
\ 20°PL_GALy | 


| MAIN ENG & COND 


MAIN DECK 


Fig. 9 Crack in main deck plate DIA AIR HOLE 1 
CRACK IN PL 
NEW PATCH PL__| 
tacks to adjacent structure. After chipping out the 
erack in the plate and in the weld and removing the 
tacks, the cracks in the plate was first welded and then 
the butt rewelded in the normal manner. 20°. 
Figure 6: The crack in the weld and plate in Fig. 6 
was the result of improper sequence in leaving a weld un- 
completed for its entire length. The crack was chipped 


NT FL 


out and welded prior to completing the butt weld. 


Figure 7: This crack into the plate started at a slag 
inclusion in the weld intersection. A hole was drilled | 


at the end of the crack to prevent further propagation FR.130 FR 129 
of the crack, Then repair was made by chipping out Fig. 11) Crack from notch introduced in restricted corner 
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result. of stress concentration at the unchipped root of 
the butt in the face plate ring with a sudden drop of 
temperature overnight. The butts in the ring and the 
cracks in the longitudinal were chipped out and then 
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Fig. 12 Port outboard girder. Crack in engine girder 
starting from partial completed weld in face plate 
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Fig. 13° Cracked during subassembly through slot in 
longitudinal for fitting bulkhead 
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Fig. 14 Plan view of oiltight flat port-side crack through oiltight flat in slot 
left between webs for fitting longitudinal web 
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welded after first heating the area of the longitudinal 
at the end of the welds 

Figure 11: The crack in Fig. 11 started from the poor 
penetration and resulting unsound weld in the restricted 
corner. Sufficient stress was present to carry the crack 
through the l-in. diam. air hole. Repair was made by 
cutting out the cracked area and inserting a patch plate 

Figure 12: The erack in the engine girder started at 
the partially completed weld in the face plate. The 
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Fig. 15 Cracked welds in flush patch plates. 
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Vig. 16 Cracked sea chest shell connection 


butt in the face plate and the 
crack in the girder were chipped 
out and then welded, peening the 
weld carefully. 
Figure 13: The crack in the 
deck occurred during subassembly, 
in the notch caused by the slot 
in the longitudinal that had been 
left for fitting a bulkhead. The 
crack was chipped out and welded 
after first heating the plate area at 
the ends of the weld 
Figure 14: Figure 14 shows a 
similar crack in an oiltight flat 
through the slot left between the 
webs for fitting a longitudinal web 
But in this case a better repair 


was made by cutting out the 
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cracked area of the plate and welding in a preset patch 
plate 

Figure 15: These cracks are typieal of cracks that 
oecur only too often from the restraint and resultant 
high stress of flush patch plates. Repair can be made 
by chipping out the crack and rewelding, taking care 
to peen the weld. 

Figure 16: This sea chest shell connection is another 
example of highly restrained weld in which slag in- 
clusions at the root of the weld were sufficient to start 
cracking. This was repaired by chipping out the weld, 
preheating the area of the shell around the sea chest 
and welding, using a block sequence and peening each 
laver of weld. 

Figure 17: The cracked weld connecting the grating 
to the deck is a typical underbead crack in the hardened 
zone of the base material. This type of crack, which 
most often is caused by high carbon in the base material, 
Was in this case caused by the extra stress on the weld 
due to improper heating. The grating was preheated, 
rather than the deck, so that in cooling the resulting 
shrinkage raised the stress on the weld. This was 
repaired by removing the weld in way of the crack, 
preheating the deck around the grating with strip 
heaters so that upon cooling the shrinkage would tend 
to relieve the stress from welding and then welding, 
using a block sequence in increments 6 ft 8 in. long. 

Figure 18: The crack in the innerbottom plating 
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Fig. 17 Cracked weld connecting grating to 3rd deck 


DECK 80 STS 


PATCH 


33° 


INNERBOTTOM LOOKING OUTBOARD 
STARBOARD 
Fig. 18 Crack in inner bottom plate 
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started at a point of poor fusion at the corner of the 
beam in way of the flush collar plate which presented an 
extremely poor detail for obtaining a sound weld. The 
cracked area of the plate was cut out and a 10-in. 
repair patch inserted. 

Figure 19: This crack in a transverse tanker bulk- 
head was caused by undercut at the toe of the weld 
connecting the longitudinal through bracket to the 
bulkhead. Holes were drilled at the end of the crack to 
prevent further propagation of the crack and the crack 
chipped out with sufficient root opening to permit 
welding into the doubler fitted to the bulkhead. The 
repair Was made peening each layer except the last. 

Figure 20: The crack in the cross-head weldment 
occurred in the base material approximately '/ in. 
away from the original weld and was attributed to 
improper preheat to prevent formation of a heat- 
affected zone in the hardenable base material. The 
crack was removed by matching a U groove to the depth 
of the crack. This repair weld was made in the same 
manner as the original weld except using the proper 
preheat. 


GENERAL FABRICATION PROCEDURES 


So far we have only seen failure in which welding or 
work directly in connection with welding has been the 
contributing cause for failure. Our picture would not 
be completed without including other failures that 
originated from defective workmanship in which 
welding played no part. 
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Fig. 19 Crack in tanker bulkhead 


Fig. 20 Base metal crack in rudder vrosshead casting 
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Fig. 21) Stem plate cracked in forming 


Figure 21: The crack in this furnaced stem plate 
developed during the forming process and_ started 
from the punched hole which had been used for handling 
purposes. After furnacing to final shape, the crack 
was chipped out and welded, using the double-vee 
preparation shown. The weld was flushed off on the 


outside for good appearance. 


» 
FR 47 


FLAME CUT EDGE 


2ND DECK PLAN 


Fig. 22 Crack from notch in flame-cut edge 


99. 


Figure 22: This crack in the deck plate started at a 


notch in the flame-cut edge of the circular opening 
This was the final trimming cut on the opening after all 
welding of the deck seams and butts in that vicinity 
and all welding to the understructure had been com- 
The stress from this welding was sufficient to 
The 
crack was repaired by chipping out for welding, using 


pleted. 


start the crack as soon as the notch was formed 


a backing strip so that all welding was done from the 
top side. 

Figure 23: This crack started at the sharp corner 
of the flame-cut weld preparation when subjected to a 
sudden drop in temperature while the job was left in 
this condition over a week end. The design should 
have shown a well-rounded preparation at the end of 
this weld connection and more care should have been 
taken in the flame-cut preparation. The repair was 
made by chipping out and welding using a temporary 
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Fig. 23° Crack from sharp corner in flame-cut welding 


preparation 


Welding 


sequence, peening each laver of the weld 


using block 


The weld 


backing strip was done 
was flushed top and bottom after c¢ mplet on. 

Figure 24: These cracks started at the notch formed 
by the re-entrant cuts in the bracket and were caused by 
the heavy fillets which stopped just short of this notch. 
The fillet weld were cut back for 6 in. from the ends of 
the face plate and were left unwelded for welding on 


the ship. The crack was chipped out and then welded 
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STANCHION 
Fig. 24 Crack from square-cut corner 
Figure 25: The erack in this forged ring started in the 
at the square corner formed 
Material in way of the crack 
iniform 


extremely sharp notch 
in rough machining. 

was hogged out on the boring mill making a 
groove preparation for the complete circumference 
of the ring. The groove was welded using four welders, 
at quadrant points, with a block sequence peening each 
After 
and prior to final machining the ring Was stress relieved 


pass with a heavy riveting hammer welding 


FORGED Rit 
Fig. 25 Crack from rough machined square corner 
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Fig. 26 Gouged boiler tube 


Figure 26: Gouges were dug into the surface of this 
boiler tube in handling. The gouges were ground out 
the tube preheated and the grooves welded. The en- 
tire tube was stress relieved. This repair saved the 
long delay that would have been required to obtain a 
replacement tube. 

Figure 27: The gouge shown on the edge of the shell 
plate resulted from an are burn when a 440-v power 
cable shorted on the plate edge. This gouged area 
was built up with welded metal against a temporary 
plate backing. The surface was flushed down to nor- 
mal plate thickness after welding. 
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Fig. 27 Gouge in shell plate; 440-v are burn 


Fortunately, such failures as we have just seen are 
not an everyday occurrence, but every error or omission 
in workmanship is expensive whether it be on the least 
of the failures or the most extensive. 


DESIGN 


Design also has considerable influence on construc- 
tion failures. Indirectly, design can be the cause of 
many failures attributed to workmanship. Unless a 
design is made to suit the general methods and pro- 
cedures to be used in construction, it can be the cause 
of many of the notches that are introduced in the course 
of construction. Care must be taken in any design 
to insure the best possible working conditions. A little 
extra effort in design will save untold trouble while the 
job is being done. There are certain items, such as 
leave loose for shipping machinery and the inevitable 
alterations, that the designer can do little about. 
These restraint joints have to be accepted and made 


1118 Bradway—Ship Fractures 


AN VIEW vn 
KEEL RIDER SHELF PLATE 


Fig. 28 Crack through restricted area between welds” 


satisfactorily. Other than that, the design should 
be such that erection and welding may start at a given 
point and work toward free ends. Care must be 
taken in the detail design to avoid all sharp corners 
and sudden changes in section that would act as a 
notch or geometric discontinuity, particularly where 
high stresses will be expected. 

A few typical failures resulting from design details 
will best illustrate the dangers that can occur. 

Figure 28: This crack occurred in the highly stressed 
and constricted area of the keel rider between the fillet 
weld of the patch plate and the fillet weld to the floor 
which formed a perfect notch for starting a crack. 
The patch plate was removed as well as the fillet weld 
to the floor adjacent to the crack. The crack was then 
chipped out and welded into a backing strip peening 
each pass of the weld. The fillet weld to the floor 
was placed and finally the patch plate replaced and 
welded with the weld between the end of the patch 
plate and the floor built up solid. This slight change 
of design eliminated all further trouble in similar loca- 
tions on the same ship while everyone welded only 
with fillet welds cracked. 

Figure 29: This is a similar crack to that in the pre- 
vious figure which occurred in a deck through the re- 
duced area between the welds of the bulkhead and the 
stiffening ring when subject to the high stresses from 
welding. This crack was repaired by chipping out 
and welding. The location of every piece on the ship, 
no matter how unimportant it may be in the final 
strength of the ship, should be given careful considera- 
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Fig. 29 Crack through deck in restricted area between 
welds 
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Fig. 30 Cracked deck butt 


tion if we are to be sure that it will give no trouble 
during construction. 

Figure 30: This butt fell in line with the edge of the 
hatch opening which was cut full size prior to welding 
the butt. 
corner of the radius a sound weld was not deposited, 


In welding toward the sharp edge of the 


which proved a starting point for the crack in the butt. 
The crack was merely chipped out and the butt re- 
welded. However, the crack could have been avoided 
if the butt had landed in the middle of the hatch open- 
ing or if the opening had not been cut or at least had 
only been cut undersize until after the butt had been 
welded. 

Figure 31: Cracks occurred in butt welds made in 
forming the channel sections of the boat davits when 
these davits were welded in place on the ship. These 
welds were square butt welds without 100° penetra- 
tion but were adequately strong for the davit. Un- 
fortunately, these welds landed directly in way 
of the weld to the ship at the top of the shell and broke 
under the stress from this superimposed weld. These 
cracks were chipped out and the butts rewelded. 
Any concentration of welds are poor design but if such 
a concentration is necessary all welds should be sound 
and of equal strength. 
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Fig. 31 Boat davit connection to house side 
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Fig. 32 Hatch girder connection to house side; stbd. side 
looking inboard 


Figure 32: This is the design of a hatch girder in 
way of the house front on a ship presently under con- 
struction in this country. As you will see the hatch 
girder with full penetration welds is backed up inside 
the house by a light bulkhead with a continuous weld 
one side and an intermittent weld on the other. These 
fillet welds cracked following flame straightening of this 
interior bulkhead. Similar designs to this on previous 
ships have cracked in the same locations both in launch- 
ing and in service. Good design must provide for a 
continuity of strength or a gradual tapering off of 
section rather than an abrupt discontinuity as shown 
here. Although these welds could be chipped out 
and repaired, a better repair would be to add a heavier 
insert in the interior bulkhead to allow for carrying 
the strength through the bulkhead. 

Failures from design are every bit as much trouble 
and expense as those from bad workmanship. Every 
improvement and simplified detail in design that can 
help eliminate a failure during construction is worth 


while. 


MATERIALS 


The third and final cause of failures and repairs is 
the materials that we use. 

It would be possible to give many examples of cracked 
welds that have resulted from welding materials that 
do not meet specification requirements, but I feel that 
is unnecessary. Very often, if the nature of these 
questionable materials were known, welding require- 
ments could be altered to permit satisfactory welding. 
This is particularly true with the advent of alloy steels 
I would like to emphasize again the 
importance of adequate material control so that the 
men working the material will know what to do with 
any piece of material. I think that we in the ship- 
building industry might do well to follow the practice 
of many other industries that keep a far more accurate 
check of their materials than we do. 

Alloy steels, particularly those with which we work 


to be welded. 


most in the shipbuilding industry, are subject to under- 


bead cracking. In fact during World War II it was 
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Fig. 33° Laminated plate bulkhead No. 151'»; port side 


looking aft 


692° PL 


one of the major cracking problems in welding special- 
treatment steel and high-tensile steel. However, 
with the use of the new mineral-covered low-hydrogen 
electrodes this type of cracking should be kept to a 
minimum. Consequently, I will not go into any 
detail on this problem, but rather refer any who may 
be interested in the development of these new elec- 
trodes and the past experience with chrome nickel type 
electrodes to the many recent articles that have been 
written on this subject. 
Although defective castings cannot be termed a 
structural failure, they definitely are a structural defect 
and require repair. Unfortunately, porosity, shrinkage 
cavities and cracks are all too prevalent, particularly 
jn the larger, more intricate castings. And, too often, 
these defects are not discovered, even with the closest 
of inspections, until rough machining, and many times 
final machining is under way. The cost of these welded 
repairs is forcing the trend toward weldments and the 
joining of sounder small castings by welding. 
Laminated plates fall into a similar category to de- 
fective castings except that many times the eure is 
More drastic and requires the complete replacement 
of material. If the lamination is of the so-called 
surface variety, the surface of the plate can often be 
built up by welding or if of a minor depth, ' sz in. or less, 
the surfece can be faired in by chipping or grinding. 
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Fig. 34 Laminated longitudinal No. 8; port side looking 
outboard 
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Deeper laminations unless of very limited extent 
usually require that the material be replaced. And 
that can be expensive. The following typical repairs 
involving laminated plates will show that every effort 
to discover laminations by inspection prior to or during 
shop fabrications is worth while. 

Figure 33: A section of the bulkhead was found to 
be laminated as shown and about half way through the 
plate. The laminated section was removed and a 
new section of bulkhead plate inserted. A careful 
inspection of the plate edge prior to preparation for 
welding the butt would have discovered the defect be- 
fore the bulkhead was erected and partially welded. 

Figure 34: The lamination in this longitudinal was 
not discovered until the after butt of the longitudinal 
was prepared for welding. This, despite the fact that 
the lamination extended the full length of the longi- 
tudinal and should have been seen at the lightening 
holes or forward butt. The longitudinal had to be 
replaced, which not only meant chipping out all the 
weld connecting the longitudinal to the shell, inner- 
bottom and floors, but also cutting a 10-in. section out 
of each floor to permit removal of the old material and 
erection of the new longitudinal which was fabricated in 
two sections. A little more careful observation during 
shop fabrication and assembly would have saved 
costly repair. 

Figure 35: To be fair and show the good as well as 
the bad and to end on a little brighter note, this is a 
lamination that ended most conveniently to permit a 
welded repair. The small laminated area was built-up 
weld metal and the exploratory holes which had been 
drilled to discover the extent of the lamination was 
plugged by welding. 

Again, I can only say that the repair of a material 
failure or defect can be just as expensive as the repair 
of a failure from workmanship or design. The selectiot 
and use of the best available materials and control 
of these materials to insure a uniform high stenderd 
of quality will help keep failures to a minimum. 

The failures thet I have discussed are illustrative 
of what has and what can happen. 
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Fig. 35 Laminated flat keel plate 
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Every structural failure that oecurs during the con- 
struction of a ship is important whether it is caused by 
workmanship, by design or by the materials used. 
Although, as I have previously stated, far more con- 
struction failures are caused and repairs required be- 
cause of poor workmanship than either design or ma- 
terials. 

Fortunately, we can feel assured that the construc- 
tion failures that do occur and the material defects 


that are found do not remain a hazard or danger to 
the ship in service provided they are properly repaired 
Only those failures that remain undetected or unrepaired 
and those improperly prepared can ever become a start 
of a service failure. 

But, disregarding this, economical shipbuilding de- 
mands that the structural failures and welded repairs 


in ship construction must be kept to a minimum. 


Fusion Welding Techniques for Jet Aircralt 


‘omponents 


® Techniques developed in fusion welding thin sheet 
and strip alloy metals in aircraft gas turbines 


by Arnold S. Rose and Morton A. Braun 


INTRODUCTION 


HE large-scale production of components for air- 
craft jet engines imposes upon the welding engineer 
the responsibility for establishing welding pro- 
cedures which are not only capable of use in mass 
production but which will yield metallurgically and 
structually sound welds. Presented herein is a review 
of some of the techniques used and experiences gained in 
the fusion welding of the relatively thin sheet and strip 
Mechan- 


ized welding processes under discussion include: 


alloy metals used in aircraft gas turbines. 
(a) inert-gas-shielded are, (b) shielded-inert-gas 
metal are and (c) submerged are as applied to stainless 
steels, high-temperature alloys, low-carbon steels and 
low-carbon, low-alloy steels. 


INERT-GAS-SHIELDED ARC WELDING 


The welding of stainless steel sheet with the inert-gas- 
shielded tungsten are is a fundamentally well-estab- 
lished procedure with obvious advantages for aircraft 
welding. Freedom from slag and oxidation, minimum 
weld bead deposit and ease of handling are outstanding 
features. For high-production welding it may be 
readily adapted for nearly automatic operation. Such 
an application was developed for welding turbine 
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Fig. 1 Turbine casing assembly and welding fixture 


casings for the GE, J-47 engine, using the stabilized 
grades of 18-8 stainless steel; AISI Types 347 and 321 
in thicknesses of approximately 0.093 in. In this in- 
stance, it is required to butt weld four circumferential 
joints on the casing assembly which is 36 in. in diame- 
ter, as shown in Fig. 1. The assembly is tacked 
manually with an inert-are torch on an outwardly 
expanding fixture mounted on a standard rotating 
welding positioner. Accurate positioning of each joint 
over shallow grooves in the stainless steel back-up bars 


is ensured by this type of fixturing. As shown in Fig. 2 


the welding head is brought to the desired height and 


Jet Aircraft 1121 


2 


Fig.2 Inert-are torches located over circumferential joints 


alignment over the joint. Arc start is provided by 
i 


means of a high-frequency spark between the '/j.-in. 


tungsten welding electrode and the work. Filler wire 


of '/y in. diameter, Type 347 analysis is added to the - 
molten pool at a rate of 35 ipm by means of wire-feed 
apparatus mounted overhead. Gas shielding is pro- 
vided by argon flow of 30 cfh, and welding proceeds at a 
rate of LL ipm with d-e straight polarity of 170 amp. 
During the course of welding the joint, operator 
supervision is limited to minor adjustments of the are 
length and alignment over the seam. Because of these 
minor demands upon his attention, it has been found 
feasible to weld two joints simultaneously. The se- 
quence of operations involves starting the are over one 
seam and, following a few inches of welding, initiation of 
the second are. This setup, in operation, is shown in 
Fig. 3. 
Having herewith provided a highly productive weld- 
ing procedure for the stainless steel turbine casings, the 


Photomicrograph of intercrystalline cracking of 
Fig. 3 Welding of turbine casing in progress weld metal AISI Type 347 
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Fig.6 Photomicrograph of crack-free weld metal in AISI 
Type 347 containing 8% ferrite 


responsibility for weld quality becomes of prime concern 
to the welding engineer. Following the establishment 
of this welding setup, thousands of Type 347 casings 
were welded without serious difficulty. However, dur- 
ing one short period, an epidemic of transverse cracking 
in the weld bead was troublesome particularly in view of 
the previously noted freedom from cracks. Micro- 
scopic examination of the welded zone of those turbine 
easings which had cracks in the weld areas revealed 
that the structure was wholly austenitic in nature as 
shown in Fig. 4. The cracking which occurred was 
intercrystalline as may be seen in Fig. 5. 

Confirmation of the entirely austenitic structure of 
the weld was given by measurements made with the 
Aminco Magne-Gage. This instrument is capable 
of determining, following suitable calibration, variable 
amounts of ferrite based upon the residual magnetism 
of this phase. Samples which showed weld cracks 
were examined with the Magne-Gage and readings 
taken on areas adjacent the cracks indicated complete 
absence of ferrite. 

At this point, reference was made to casings welded 
prior to the period when cracks became prevalent. 
Examination of crack-free welds disclosed a structure 
(Fig. 6) which contained approximately 8°; of ferrite 
in the austenitic matrix. These samples were then 
Magne-Gage checked and the microscopic estimation 
of ferrite content was confirmed. 

This contrast between the ferrite values obtained in 
cracked and crack-free welds was in substantiation of 
information developed by several previous investiga- 
tors regarding the propensity of wholly austenitic 
welds to cracking. The problem of eliminating weld 
cracks in this Type 347 parent metal resolved itself 
then into ensuring that sufficient ferrite existed in the 
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weld to prevent cracking. Furthermore, since the 
ferrite content is a function of the amount of chromium 
and columbium stabilizer present in ratio with the car- 
bon, nitrogen and nickel, it is important that these 
elements be controlled by specification in both parent 
metal and filler wire. 

A series of tests was run to establish some data on 
filler wires of varying compositions. A sample of the 
'/sin. Type 347 wire which had been used for produc- 
tion welding was melted down under an inert atmos- 
phere into a bead and examined. Upon microscopic 
examination, only a negligible amount ef ferrite was 
noted and this was confirmed with a 0°, Magne-Gage 
reading 

Various sample butt welds were then made with this 
wire using parent metal stock of varving ferrite values 
The accompanying Table 1 indicates the effect of the 


Table 1 
Vagne-Gage values of 
butt-welded parts, 


Vagne-Gage values of 
resultant weld metal 


Sample No. % ferrite % ferrite 
welded to 0 
2 Oweldedto 6 1 
3 7 welded to 10 s 


filler wire upon the composition of the resultant weld 
In order to investigate this effeet more thoroughly, a 
survey was made of other grades of filler wire. These 
included: (a) Type 347 wire—analysis controlled to 
ensure sufficient columbium; (6) 19 chromium-9 
nickel-tungsten-molybdenum—with additions of the 
strong ferritizers tungsten and molybdenum; (c) 29 
chromium. 9 nickel. 

Values for butt welds made with these wires on 
typical 0°; ferrite parent metal are given in Table 2 


Table 2 


Vagne-Gage value of 
resultant weld metal, 


Sample No Wire type % ferrite 

l Type 347—low 0 
columbium 

Type 347—high 
columbium 

3 19 -9—tungsten- is 
molybdenum 

4 29-9 18 


Evaluation of these results indicates that a high colum- 
bium Type 347 wire will produce weld beads with suffi- 
cient ferrite to minimize intercrystalline cracking even 
on 0% ferrite parent metal. A turbine casing assembly 
was welded with the 19-9 tungsten-molybdenum filler 
wire to determine the effect of its strongly ferritizing 
constituents. Although a high ferrite value weld re- 
sulted, the wire proved unsatisfactory from a usability 
standpoint, because of erratic penetration and poorly 
formed underbead. 

With the disappearance of Type 347 material and its 
replacement by Type 321, a new set of circumstances 
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arose. Examination of dozens of heats of this alloy, 
which is stabilized with ferrite-promoting titanium, has 
shown that in every instance sufficient titanium is 
present to ensure the presence of ferrite in the weld 
metal. Further, very practical evidence of the role 
of this phase in the elimination of weld cracks is given 
by the complete absence of this type of cracking after 
the introduction of this alloy. 


SHLELDED-INERT-GAS-METAL ARC 
WELDING 


While the inert-gas-shielded-are welding process, as 
just discussed, is an ideal method of fabricating sheet 
material in stainless steel, one of its serious limitations 
lies in the fact that it is best suited to the welding ‘of 
material 0.125 in. thick or less. Though the majority 
of the components of an aireraft gas turbine are fabri- 
cated from material below this thickness limit, very 
often it is found necessary to weld heavier gage material. 

Previous to the development of the shielded-inert -gas- 
metal are process, a choice of welding process for these 
heavy gages was among the multiple pass inert arc, the 
flux-coated metallic are process or the submerged arc- 
Each of these methods, while pro- 
involved elements 
Thus, 


welding process. 
ducing sound welds, inherently 
which are deterrents to high-production work. 
the advent of the shielded-inert-gas-metal are process 
filled an important gap in the welding field. It com- 
bines the cleanliness and desirability of 
shielding with the high current density and high-speed 
continuous welding of the submerged melt process and 
the flexibility, quality and penetration available with 
manual flux-coated electrodes. Briefly described, weld- 
ing with this process is accomplished utilizing a sub- 
Stantially inert-gas-shielded electric are which is main- 
tained between the work and a continuously fed con- 
sumable electrode wire. 


inert-gas 


The fabrication of an actuating air cylinder to be used 
in a jet engine afterburner afforded an opportunity to 
take effective advantage of the features of this process. 


Fig. 7 Completed air cylinder 
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The finished part (Fig. 7), a stainless steel cylinder 18 in. 
long, 6 in. in diameter with a '/,-in. wall thickness, was 
manufactured from °/j-in. thick plate material (AISI 
321), which was sheared to size, rolled into cylindrical 
shape and welded longitudinally. Inasmuch as the 
cylinder bore has to be ground and lapped, an X-ray 
quality weld, free of all porosity defects, was required. 
The joint edges were prepared for welding by beveling 
to form an ineluded angle of 90° with a very small 
section of land at the root (less than '/s2 in.) to aid in 
preventing overlapping (Fig. 8). The part was rigidly 
fixtured over a copper chill bar which contained a re- 
lief groove approximately '/, in. wide and 0.040 in. 
deep in the shape of a smooth curve. 


90 — 
« 


/ YY 
fy 


Fig. 8 Edge preparation 


After tacking the finish end of the joint to prevent 
separation of the edges, the welding proceeds at a rate 
of 9 ipm. The electrode wire in this case is '/),-in. 
diameter Type 247 stabilized grade of 18-8 stainless, 
straightened and layer level wound on a 9-in. diameter 
spool. Direct-current, reverse polarity of a magnitude 
of 300 amp is used for welding and the shielding gas 
which is sigma grade (5°, oxygen bearing) argon flows 
at a rate of approximately 35 cfh. Wire feed is auto- 
matically initiated when the are is struck and its rate 
is adjusted remotely to match the melting-off rate 
produced by the welding current. Using a weaving 
motion, complete penetration is obtained at the same 
time as the prepared groove is filled, completing the 
weld in a single continuous pass. Figure 9 illustrates 
this setup. 

It has been estimated that this joint, which by the 
shielded-inert-gas-metal are process, is welded in 2 
min, would require no less than 45 min to weld using 
the flux-coated metallic are process with the resulting 
freedom from defects and inclusions being doubtful. 
An additional point of importance should be made with 
regard to the shielding gas, sigma grade argon. It has 
been shown that the addition of small percentages of 
oxygen to the argon shielding gas materially alters the 
characteristics of the arc, notably affecting the molten 
droplet rate of the electrode wire which is increased by 
about 30 times over the rate with pure argon. In 
addition, higher welding speeds may be used without 
encountering those defects usually associated with 
excessively fast welding, such as undercutting and 
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Fig. 9 Inert-gas metal-arc welding of cylinder shown in 


Fig. 7 


lack of coalescence in the weld metal. There was, how- 
ever, some fear that it would be impossible to transfer 
the stabilizing elements across the are due to their great 
affinity for oxygen. In order to evaluate this transfer 
sample welds were made with Types 321 and 347 
consumable electrode wires under sigma grade argon 
shielding gas, and the samples were checked both micro- 
scopically and with the Magne-Gage as described pre- 
viously. It was found that the stabilizing elements 
could, in fact, be deposited with no significant loss due 
to the presence of oxygen in the shielding medium as 
indicated by the amount of ferrite found in the weld 
Asisoftenthe case, when new processes are introduced, 
some difficulties became obvious in the production shop 
which had not been previously recognized in the de- 
velopment laboratory. The first of these involved the 
stiffness of the stainless steel filler wire when used as a 
consumable electrode with the manual shielded-inert- 
gas-metal are torch. While no are length control is 
incorporated with this equipment in its present form, 
there is to a certain extent an inherent self-correcting 
factor in the process for changes in the length of the are 
Since this is the case, when an acute problem of rapid 
erratic changes in are length developed, the condition 
of the 
isolated as the trouble source 


is-in. diameter stainless steel wire was quickly 
It was found that when 
using annealed wire, the are remained steady. On 
the other hand, the springy characteristic of unannealed 
wire caused it to repeatedly build up in the slack of the 
cable and then shoot out suddenly, thus causing the 
condition noted. 

Kinking of the wire is also a serious problem, inas- 
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much as the diameter of the parts through which the 
wire must pass is held fairly close to the nominal wire 
Further, the fact that the wire required 
annealing served to increase the possibility of the wire 


diameter. 
becoming kinked. Therefore, it was necessary to 
reprocess the wire for use by layer level winding before 
satisfactory operation of the equipment could be at- 
tained. 

The surface condition of the wire also should be men- 
In the case of stainless steel, oxide scale in 
Therefore, 


tioned. 
itself is not detrimental to quality welding. 
a tightly clinging oxide scale, it was found, could be 
permitted to remain on the wire. Loose scale neces- 
sitated removal because of its tendency to flake off 
and clog the wire-feeding equipment eventually over- 
loading the driving motor and interrupting the welding 
Oil or grease on the surface of the wire are both common 
and seriously deleterious to the weld. Even slight traces 
of these substances have been shown to be the cause 
of weld metal cracks. In general, therefore, the wire 
must be annealed, straight, and free from oii or grease 


SUBMERGED ARC WELDING 


Another important phase of the defense program has 
been the development and utilization of low-alloy sub- 
stitutes for the critical types of material generally used 
in aircraft gas turbines. Fabricators of these engines 
and engine components were therefore faced with the 
problem of changing from the welding processes suited 
to the stainless steels and high nickel alloys to those 
procedures best suited to the lower alloy material 
One such change-over was necessitated when certain 
models of the turbine casing assembly previously 
discussed were redesigned for manufacture using NAX 
high-tensile steel. 

An investigation was conducted to determine the 
most satisfactory welding process for NAX material, 
specifically where used to form a circumferential butt 
joint in material 0.093 in. thick and 36 in. in diameter 
This investigation demonstrated that satisfactory 
welded joints could be produced in NAX material by 
the following fusion processes: (a) inert arc, utilizing 
a fully killed filler material; (6) 
low hydrogen coated electrodes; (c) 


metallic arc, using 
submerged arc. 
Of these, the most suited to high-production auto- 
matic welding is the submerged are process. Four 
circumferential seams are welded in succession at a 
welding speed of 70 ipm as compared with a speed of 
11 ipm for the inert-are-welded stainless steel unit 
An automatic welding head feeds the */s:-in. diameter 
low-alloy electrode at a rate controlled by an electronic 
voltage control unit which maintains at a constant 
level, a previously adjusted welding are voltage 
In this case 24 v are used at 300 amp direct current, 
reverse polarity. The current supply is a 400-amp 
selenium cell rectifier which delivers welding current at a 
constant level making it possible to maintain a virtually 
constant welding current and voltage. Figure 10 
illustrates the welding setup. As shown in Fig. 11, 
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Fig. 10) Submerged are welding setup 


it might also be noted that the granular flux is gravity 
fed to the work just ahead of the welding nozzle and 
removed from the work, immediately after the weld 
is made, by a vacuum recovery unit which separates the 
dirt from the reusable flux which is then returned to the 
hopper. 

One of the very important problems which faced the 
welding engineer during the development stage of this 
setup was the determination of the chill bar design. 
Stainless steel chill bars, which were a carry-over from 
the similar stainless steel unit, proved unsatisfactory 


from two standpoints. First, since the submerged are 


process is inherently a ‘“deep-penetration process,” it 


was found that more often than not, the stainless steel 
chill bars were welded to the casing assembly, in which 
ease they had to be removed by machining, and re- 


Fig. 11 Close-up of submerged are-welding equipment 
showing flux nozzle, electrode tip and vacuum pickup 
nossle 
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placed; obviously, a completely unsatisfactory condi- 
tion. Moreover, the back-up groove contour which 
for inert are welding was a '/, X 0.03-in. rectangular 
cut, was not suited to this type of welding. Copper 
chill bars were found to be a satisfactory solution to the 
material problem. Groove size was determined by trial 
and error to be '/, in. wide and a 0.040-in. deep are. 
Shallower grooves produced a pitted condition adjacent 
to the underbead due to the gas entrapment and deeper 
grooves allowed molten metal to run away from the 
puddle at various intervals leaving gaping holes in the 
weld bead. One problem still remained regarding back- 
up bars, namely the solidification in the groove of a thin 
flux layer which was extremely tenacious. Grinding 
this layer away manually was unsatisfactory, inasmuch 
as the size and shape of the groove were altered to such 
an extent that the bars became unusable for subsequent 
welding. Solution of this rather difficult problem in- 
volved the use of a “Virgo” caustic molten salt de- 
sealing bath which effectively removes the slag and ex- 
cess flux as well as copper oxide from the chill bar 
without attacking the bar itself. As a result, there are 
no dimensional changes and the bar may be used _ re- 
peatedly. 

Another interesting problem regarding the manu- 
facture of this assembly developed because of the high 
welding speed involved. A time study revealed that 
the welding time per assembly was only a small per- 
centage of the total time, assembling and tacking of 
the parts accounting for the major portion. This, of 
course, Was not conducive to making most effective 
use of the welding equipment. Two possible remedies 
to this situation presented themselves, namely, to make 
the welding equipment movable so that it could be 
used on more than one fixture or, conversely, to make 
the fixture movable to accomplish the same result 
The second alternative was decided upon because of the 
critical nature of the positioning and mounting of the 
welding head, and a design was formulated which pro- 
vided for the mounting of two complete rotating posi- 
tioners with welding fixtures attached, on a single 
set of tracks. Thus, each positioner in its turn could 
be moved into position under the welding head, and it 
would then be possible to double the output of units 
without adding another welding head and flux recovery 
unit. 


INERT ARC WELDING OF LOW-CARBON 
STEEL 
An outstanding example of the scope of activity of the 
welding engineer is illustrated by the problems pre- 
sented in the welding and forming of a guided missile 
nose section fabricated of low-carbon SAELOLO steel. 
The welded unit is fabricated as a straight truncated 
conical section by joining two longitudinal seams using 
0.031-in. thick sheet material. Following welding, the 
cone is hydroformed into an ogive shaped nose shell 
(Fig. 12): the forming requiring a maximum change 
in peripheral dimension of 15°. 


THe WELDING JOURNAL 


= 

4 

oO 


Fig. 12 Completed nose assembly 


The welding of the steel units was set up using an 
inert-are tungsten electrode welding torch fixed on an 
automatic side beam travel carriage with filler wire 
addition from an attached wire-feed apparatus. The 
conditions of welding are as given in Table 3. The 


Table 3 


Material SAE1010 steel Current, amp 130 
Material 

thickness, in 0.031 Welding speed, ipm 20 
Filler wire CMS 32 Filler wire rate, ipm 10 
Filler wire diam, in.. .'/¢ Argon flow, cfh 30 


welds which result from such a setup were found to 
be excellent from a strength, ductility and porosity 
standpoint. These test data were borne out to a great 
extent by experience with the forming of the cone, in 
that only a low percentage of failure occurred. In 
those instances where the cone failed during the forming 
operation, it was found that the fracture originated in a 
section of the parent metal nearby the actual weld bead. 
A typical failure is shown in Fig. 13. Inasmuch as only 
occasional failures occurred, analysis of the problem 
again was made on the basis of comparison between 
successfully formed and fractured cones. 
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Fig.13) Forming failure adjacent to weld in nose assembly 


Fig. 14 Photomicrograph showing critical grain growth in 
low-carbon steel 


Jet Aircraft 1127 


GRAIN SIZE, sq. microns 


Fig. 


T 


| 
| 


20 
DEGREE OF DEFORMATION % 


15 Critical grain size curve for low-carbon steel 


Metallographic examination of a cross section of a 
good cone shows the dendritic structure of the weld 
metal and the normal moderately coarsened grains of 
the parent metal adjacent the weld. By contrast, it 
was noted that those cones which did not withstand 
forming pressure had a severely coarsened parent metal 
grain size adjacent the weld. The extent of this coar- 
sening is shown in Fig. 14 where it may be noted that 
only a single grain occupies the entire cross section of 
the parent metal. The cause of the forming failure is 
understandable in view of this excessively coarsened 
grain size and its accompanying loss of ductility. 

The cause of this occasional grain growth is found to 
be a function of the reheating of lightly cold-worked 
Steel. It isa well-known metallurgical phenomenon that 
there exists a critical amount of cold working which 
will induce extremely large grains when the steel under- 
goes such heating as occurs in the areas adjoining a weld 
bead. Figure 15 shows this condition graphically for 
low-carbon The critical deformation which 
Causes the formation of large grains corresponds to 
approximately 7°, cold working. Amounts of cold 
work below and above this critical amount are found 
to have much smaller effect upon the reerystallized 
grain size following heating. It was, therefore, rea- 
soned that the excessive grain size adjacent the weld in 
the failed cones was caused by small amounts of working 
such as might oecur as the pieces were rolled, hammered 
and bent into shape. 


steel. 


Fig. 16 Photomicrograph showing normalized grain 
structure of sample similar to that shown in Fig. 14 


With recognition of the source of the failure, elimina- 
tion of the coarse grain structure solved the problem. 
This was accomplished by normallizing the as-welded 
structure at 1750° F and air cooling, followed by a 1200° 
F tempering. The refined grain structure following 
this heat treatment is shown in the photomicrograph, 
Fig. 16. Since the institution of this heat treatment, 
forming of the normalized and tempered cones has been 


successful. 
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How to Save Cost by Designing for Structural = | 
Welding 


® Factors affecting cost of a number of welded 
connections frequently used for welded structures 


by Alfred E. Pearson framing and semirigid or partially re- compared with other types of framing, is 
strained framing. All three types repre- that beam sections are not only heavier 
air future owner of a new baldine ic sented in Fig. 1 have their own particular but usually they are deeper, resulting in 
characteristics that affect their cost. added height that will average about four 


vitally interested in only three aspects 


. r its ¢ t 1 these , inches for each story of a tall building 
concerning its construction and these Simple Framing This ineré tl t of exterior wall 
creases 1e cost of exterio alls 
are the building's suitability for a partic- 


ular purpose, the time required for its con In simple framing, the ends of beams to a certain extent and of course applies 

e re $ con- 

truction and its coat. From the owner and girders are connected for shear only to all simply framed buildings whether BS 

4 ts Cos ‘ror \ ers 

point of view, welding favorably affeet and are assumed free to rotate under load, welded or riveted. = 


but suitable provisions must be made to 


all three aspects mentioned and many Continuous Framing 
others as well, but a building must be de- resist lateral movement caused by wind or 
toned: for welding before ita advantess other forces. It is assumed in the design The design assumption for continuous 
s fo elding b its advan 
a ee that all stresses are kept well within the framing is just the opposite of that for 
en ei om 
‘last the material but actus s fre lative bes 
Any competent engineer is well a elastic range of the material but actually imple framing in that no relative beam end : 
quaint. | with the engineering pri ipl ' some nonelastic, but self-limiting, de- rotation is assumed. Fully fixed ends cause [> 
quired to determine the siz f structural formation will occur, usually in the top the maximum moment induced in con- ¥ 
members no waatter how they ase ielned connection, but under forces that do not tinuous beams to be only two-thirds of 
embers no ma r ho e 
together, but there are still som mp overstress the welds. Simple framing is that induced in simple beams under the = 
“the ‘re ¢ s some Ccompe- 
tert Gesianeen Who are nok famiier with comparatively easy to design, safe load same loading conditions An appreci- 
» designers are im 
welded nnection nd mav hesitate ts tables and standardized connections hav- able saving of main member material can ‘ 
pecify welding on that account. How ing been devised for both riveted! and result from either full or partial end re- 
specify welding o ace ow- 
‘ welded? work Also fabrication labor is straint. Insimple framing the maximum = 
ever, there is no need for hesitaney be- 
cause authoritative details of a variety of comparatively much less moment occurs at the center of a beam 2 
rorita © Gevals OF irk 
\ disadvantage of simple framing, when with no moment at the ends, thus the end : 


welded connections are available in publi- 
eations readily at hand in practi uly all 


engineering offices. Some of the sketches 
Uniform Load = W 
illustrating this paper have been ad ipte d 
from details shown in the AWS “Welding No Restr \ 
“ Full Rotation Degree of 
Handbook,” the “Airco Manual ind \ Restraint : 
other publications. On the other hand, 
0% 
specific cost information is not so readily 0 =5 
available and this makes it difficult for a +0.104 WL me 
designer with no previous experience with SIMPLE FRAMING 25 % - 5 
welded work to evaluate his design -0.21 W 
The present paper presents a discussion +0.083 WL 
of factors affecting the cost of a number of —4¢h Partial Restraint 1p 50 % 
welded connections frequently used for Partial Rotation -0.042 WL 
welded structures. In some cases the +0.073 WL “ag 
difference in cost, of what might be termed 62) % 
competitive connections, is given in dollars -0.052 WL a 
and cents while in other cases only the rel +0.0625 WL : 
ative cost is indicated 15 
SEMI - RIGID FRAMING ~0.0625 WL 
CHOICE OF FRAMING +0.052 WL = 
uilding codes permit a choice of three Full Restraint -0.073 WL 
types of framing These are simple or a No Rotation iy +0.042 WL 
conventional framing, rigid or continuous a 
100 =) 
—— Li -0.083 WL 
Alfred E Pearson is hief Eng noes wit 
-resented the hurt hurd t na al 
Fig. 1 The three types of framing permitted by building codes and the relative 
1953. make distribution of moment in each type 
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connections must transmit only the shear 
load to the columns, but the maximum 
moment in continuous beams occurs at 
the beam end so the connection for con- 
tinuous beams must transmit both shear 
Therefore, it follows 
that 4 restrained connection will be more 


and moment forces, 


expensive than a simple connection and 
that this additional expense will offset 
some of the saving in the main member 
material cost. 


Semirigid Framing 


Semirigid framing, as the name implies, 
provides a degree of restraint at the beam 
ends that falls somewhere between the 
completely rigid framing and completely 
flexible framing already discussed. The 
use of semirigid framing is limited by the 
present AWS Building Code because it is 
permitted only upon presentation of evi- 
dence that the connections are capable of 
resisting definite moments without over- 
stress of the welds, and the main members 
must be proportioned according to the 
minimum known end restraint affected by 
the connection. Just what constitutes 
satisfactory evidence may be debated by 
Building Commissioners who must approve 
designs. Nevertheless, semirigid framing 
offers the greatest possible economy in 
steel construction, 

If a connection could be devised to ac- 
curately provide 75% rigidity then the 
maximum moment induced in a beam 
would be only 50% of that induced in a 
simple beam and nearly 25% less than 
that induced in a continuous beam under 
Unfortu- 
nately, the rigidity of various connections 


the same loading conditions. 


cannot be pinpointed that accurately at 
present so to be on the safe side it has been 
suggested’ that the beam be proportioned 
on the basis of 50% rigidity for the con- 
Nection but that the connection be de- 
Bigned for 75% rigidity. Such a design 
Would result in no main member material 
Baving over a fully rigid design because the 
maximum moment would be unchanged, 
merely moving from the end to the center 
of the beam. However, it would result in 
a saving of approximately 25% in con- 
nection material, if connection material 
were used to develop the moment in the 
fully rigid connection, 


COMPARISON OF SIMPLE 
CONNECTIONS 

To evaluate various types of framing 
and applicable connections used in build- 
ing construction a study was made of the 
cost, based on steel at the mill and average 
wage rates prevailing in the Birmingham 
district, for six different connections for 
simple framing and two for continuous 
framing that will be discussed later. All 
eight members were designed for the same 
span and loading conditions, The study 
included all material, shop and field labor 
costs for furnishing and fabricating a typi- 
cal beam with its two end connections 
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2 Angles 
4x33x3/8x11} 


3/4 Rivets 


STANDARD RIVETED 
FRAMING ANGLES 


Weight 1,606 lbs. 
Unit 


(a) 


Control 


16 WF @ 784 


Angles, 
x23x1/4xI'-1 


™ 


STANDARD WELDED 
FRAMING ANGLES 


Weight 1,584 Ibs 
Saving $5.16 
(b) 


Fig. 2 Comparison of similar beams with standard riveted and standard welded 
framing angle connections 


actually used in a five-story building. No 
overhead, profit or freight charges were 
included in the cost totals. 

A designer is mainly interested in the 
saving one design will provide over another 
Therefore, only the difference in cost or the 
saving resulting from the use of welding 
instead of riveting is given. 

The control unit for the comparison is a 
simply framed, 16-in. WF at 78 lb beam 
required by the original design that in- 
dicated an AISC Standard B4 riveted 
framing angle connection, The weight of 
the beam, connection angles and rivets 
totaled 1606 Ib. There is no standard 
riveted seat angle for reactions over 35 
kips and as the design assumed a reaction 
of 42.5 kips the riveted seat was not con- 
sidered. A riveted stiffened seat is ob- 
viously heavier and more expensive, there- 
fore it was not considered either and the 
most economical riveted connection was 
used. It is shown in Fig. 2 (a). 

After the comparison was completed it 
was found that the standardized welded 
framing angle shown in Fig. 2 (6) was the 
most economical of all the flexible connec- 
tions investigated. The direct saving 
amounted to $5.16 for the beam and its con- 
nections, All of this saving resulted from 
the welded connection as the beam size 
was not changed. The weight of the beam 
and connections was 1584 Ib. 

The welded framing angle connection 
provides the lightest flexible connection, 
seldom conflicts with clearance require- 
ments and is well suited for beam-to- 
girder connections, but it does have less 
desirable features that must be considered 
by the designer. These features are (1) 
beams under 18 in.-deep cannot be fully 
developed over short spans with the stand- 
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ard connection, (2) columns must be 
punched or drilled for erection holes but a 
scheme for overcoming this will be de- 
scribed later, (3) comparatively more field 
welding is required and (4) strict adher- 
ence to the relation of minimum fillet weld 
size to maximum thickness of material 
joined will preclude their economical use 
for many beam-to-column flange connec- 
tions. Quite often the indicated framing 
angle is only '/, in. thick but the column 
flange exceeds */, in., necessitating a © \¢ 
in. weld size. Thus, the framing angle 
would have to be increased in thickness 
just to permit the application of the re- 
quired weld size. 

The second less expensive flexible con- 
nection proved to be a T-seat fabricated 
from two plates as shown in Fig. 3 (a). 
The total weight of the member was 1592 
Ib and the saving amounted to $4.54. The 
T-seat can carry comparatively larger 
reaction loads than other types of connec- 
tions, but it weighs more than the com- 
parable framing angles, particularly when 
the required flexible top angle is con- 
sidered. However, less field welding is 
required and that is in the flat position 
while framing angles require vertical field 
welding. 

The T-seat cut from a wide flange sec- 
tion, shown in Fig. 3 (6), was the fourth 
less expensive flexible connection investi- 
gated. The complete member weighed 
1606 Ib which is exactly the same as that 
of the riveted beam, but still the welded 
beam cost 33.66 less than the riveted one. 
The built-up T is less expensive than the T 
cut from a wide flange section because plate 
material is cheaper than wide flange ma- 
terial and the flange of the built-up T can 
be reduced in thickness taereby saving in 
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(a) 


J 


One - half 
21 WF w 1i2x0-4 


STANDARD 
T-SEAT 

Weight i,606 lbs 
Saving $3.66 


(b) 


Fig. 3 Welded T-seats for similar beams, showing saving over cheapest riveted 
beam 


weight and beeause the plate material can 
usually be sheared rather than flame cut 
\ modified framing angle shown in I it 
t (a) eliminates erection holes in columns. 
Where beams have other holes in the web 
the additional holes for the end connec- 
tions can be made at very little added cost 
This type of connection often permits the 
beams to be punched and then shipped 
with no further fabrication, while the 
columns can by-pass the punching or 
All shop fitting and 
welding that ordinarily would be distrib- 


drilling operation 


uted between the two pieces can be per- 


formed on the one member. The 


weight of the modified framing angle is 
somewhat greater than that of the stand- 


ardized framing angle and field welding 
is increased about one-third but it still re- 
sults in a saving of $3.81 over the riveted 
beam. The member weighed 1588 Ib 
The elimination of some h indling of the 
beam in the shop results in a definite 
though intangible cost reduction not re- 
flected in the cost comparison 

The least favorable welded connection 
investigated proved to be the standardized 
Neverthe- 


less, the beam and the seat connections 


angle seat shown in Fig. 4 (5) 


still provide a saving of $3.59, even if they 
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2 Angles 
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le x33 x1 


MODIFIED 
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Weight 1,588 lbs. 


Saving $3.81 


(a) 


1 Angle 
8x4x1x0-9 


4x4x1/4x0-6 
16 WF w 784 


STANDARD 
ANGLE SEAT 


Weight 1,624 lbs. 
Saving $3.59 


(b) 


Fig. 4 Other welded connections to be compared with similar riveted beam 
shown in Fig. 2(a) 
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do weigh 1624 Ib or 18 lb more than the 
riveted member. This weight difference 
is in the connection material which cost 55 
cents more than the riveted material but 
the saving in shop and field labor caused 
by welding more than offset the extra ma- 
terial cost. Previous studies made by the 
author indicate welded seat angles should 
perhaps be limited to a maximum reaction 
load the same as riveted seat angles. In 
the case of welded seats this is merely for 
economic reasons, to prevent the use of 
more material for welded connections 
than for the most economical riveted con- 
nection Welded seats subjec t to reaction 
loads lighter than that now being con- 
sidered compare much more favorably 
The limitations on the use of riveted seat 
ingles for large reaction loads are based 


mainly upon technical reasons 


COMPARISON OF CONTINUOUS 
CONNECTIONS 


For the investigation of continuous 
framing the main member was redesigned 
to take advantage of the reduced maxi 
mum moment resulting from restrained 
end conditions. This permits the use of « 
lighter or shallower beam or a combination 
4 16-in. WF at 58 lb continuous 


beam met all requirements to sustain the 


of both 


same load over the same span as the 16-in 
WF at 78 Ib used as a simple beam. This 
resulted in a weight reduction of 400 Ib in 
this particular case. If a shallower beam 
had been selected to reduce the height of 
the structure a smaller reduction in weight 
would have resulted 

Stiffener plates between the column 
flanges and in line with the beam flanges 
were deemed necessary to insure maximum 
restraint at the connection, The stiffeners 
on only one column were included in the 
cost analysis, however, because the same 
stiffeners also serve beams framing into 
the opposite face of the columns 

Figure 5 (a) shows a type of continuous 
connection investigated that employed 
direct: welding of the beam flanges to the 
column to restrain the beam ends The 
modified framing angle was used for the 
shear connection and backing strips were 
provided to assure complete fusion into the 
root of the butt weld at the flanges. Bars 
could have been used instead of angles for 
the shear connection and would have re- 
sulted in a small additional saving. In 
comparison with the previously discussed 
riveted member this rigid beam provides a 
saving of $14.04 


most economical welded beam, simply 


In comparison with the 


framed, there is a saving of $8.88 This 
continuous connection requires more con 
nection material and the Jabor is much 
more than for any of the simple connec- 
tions All of the saving results from the 
reduction in weight of the main member 
It should be brought out, however, that 
the particular beam chosen for the com 
parison happened to be in a very favorable 


position in the framing svstem in so far as 
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Fig. 5 Two types of continuous beam connections showing weight and saving 


over riveted beam of same load capacity 


The redesign for 
continuity did not reduce the size of all 
beams proportionately. 


moment is concerned. 


Another type of continuous connection 
is shown in Fig. 5 (4). 
material alone costs $5.00 more than that 


Its connection 


for the other continuous connection dis- 
cussed and the labor will cost considerably 
more also, yet the beam in place costs 
$6.92 less than the riveted simple beam. 
The moment plates are used to prevent 
length in 
order to butt weld the beam flanges to the 


cutting the beams to exact 


column, but the comparison shows this is 
false economy. As the depth of columns 
may vary from the theoretical, a root 
opening greater or smaller than that de- 
sired for a direct connection may result, 
but the minimum desired root opening can 
be assured by cutting the beams shorter 
by the amount of expected overrun in 
depth of the column. This practice will 
cause 4 larger root opening when the 
column is of the correct depth or less, but 
not seriously so, The cost analysis for 
the direct connection of Fig. 5 (a) was 
based on a reot opening of '/, in. for the 
beam flange weld. 

No comparison was made for semirigid 
framing but if the beam were designed for 
50% rigidity and the connections for 75% 
rigidity as has been suggested there would 
be some saving over the fully rigid member 
connected with moment plates, but none 
over the member with flanges butt welded 
directly to the column. As there would be 
no saving in main member material but 
approximately 25% saving in connection 
material and presumably labor, the sug- 
gested semirigid scheme would save about 
$6.00 over the fully rigid moment-plate 
connection but would cost nearly $1.00 
more than the butt-welded connection. 
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BUTT WELDS Vs. FILLET WELDS 


Designers frequently ask fabricators 
what is the best type of joint to use from a 
cost standpoint. The superiority of butt 
joints with respect to developing the full 
strength of the base material, particularly 
when dynamic loading conditions prevail, 
is generally known, but the fact perhaps 
has been somewhat overemphasized and it 
probably should be emphasized in turn 
that fillet welds very definitely can be used 
to advantage. The full strength of a 
member does not always have to be devel- 


oped at a connection; therefore, it is 


Intermittent butt 
welds are prohibited by specifications but 
intermittent fillet welds are permitted, 
thus fillet welds are more adaptable to 


wasteful to do so. 


providing only the strength 
without undesirable overwelding. 

A detailed cost analysis that considers 
all factors, including the higher cost of 
preparation and fitting of butt joints as 
well as the added material required by 
overlapping surfaces and the lower allow- 
able stresses for fillet-welded joints, will 
show fillet-welded joints are more econom- 
ical for material up to about '/: in. 
thick. This point will vary 
with the load requirements of the joint, 
but the analysis definitely indicates that 


necessary 


somewhat 


many connections encountered in welded 
structures can be made more economically 
by fillet welding than by butt welding 
even though more material is required. 
The graph in Fig. 6 shows the relative 
cost of 100% penetration butt joints and 
fillet-welded lap joints with 2 in. of over- 
lapping material that develop at least 60% 
efficiency. An intermittently welded lap 
joint would provide even greater economy 
as would a ““T” joint. 


WIND CONNECTIONS 


As mentioned previously, some provi- 
sion must be made for simple framing to 
resist lateral movement caused by wind or 
Often this is ac- 
knee and 


diagonal bracing that can get quite com- 


other horizontal forces. 
complished in tier buildings by 
plicated and expensive. Figure 7 shows a 
unique method of stiffening a column 
where a knee brace induces unusual bend- 
ing moment. Such bracing consists of 
angles or channels shop assembled back to 
back and separated by small spacer bars. 
Plates capable of carrving the calculated 
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Fig. 6 Relative cost of labor and material, butt welds versus fillet welds 
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Fig. 7 


Anee braces such as those shown here can be eliminated by use of alter- 


nate method of distributing wind moments permitted by building codes 


stresses are shop welded to the beams or col- 
umns and the bracing is erected and welded 
tothem in the field; thus, two welds capable 
of developing the full tensile strength of 
the bracing must be made at each end of 
the member. For diagonal bracing, one 
of the two members in a panel is broken at 
the point of intersection with the other 
member to facilitate erection necessitating 


As the al- 


lowable stress in members subject to wind 


two more full-strength welds 
loading can be increased one-third to 26 
600 psi, 
comparatively light but even though the 


the elements of the bracing are 
allowable stress in the welds can be in- 
labor costs for 


creased a like amount, the 


fabrication and erection is proportion- 


ately higher. In some instances the field 
welding cost for diagonal bracing can be 
50% of the cost of welding all beam end 
connections and column splices combined 
This, of 
pound price for bracing material 

The AISC Specification and most build- 
ing codes provide an alternate method of 
wind 


course, is reflected in a higher 


distributing moments in 


framed tier buildings that results in a sub- 


simply 
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stantial saving of labor and material re- 


quired to transmit the wind forces It 
should be noted the alternate method is 
permitted only if the connection is welded 
Such a connection is shown in Fig. 8 

this alternate 


To apply 


method a top 


veam-to-column connections Is 


plate for 


designed to carry only the wind stresses at 


the joint, using the 26,600 psi working 
stress rmitted for members je t to 
wind forces The larger moments induced 


by the gravity load on the beam to which 


the connection is attached will cause the 


plate to elongate by plasti deformation 
thus allowing beam end rotation to satisfy 
the design requirements for simple fram- 


ing. The initial gravity stresses in the 
plate are relieved by this deformation and 
the plate remains to safely perform its in- 
tended function, that of transmitting wind 
stresses only. The welds on the top-plate 
must, of course, be sufficient to permit de- 
formation without overstress of the welds 

When the wind blows from one direction 
the top plate will be in tension and the 
bottom flange of the beams will exert a 
thrust Therefore 


against the column 


Pearson—Structural Weiding 


U 


Fig. 8 Light top plate provides flexi- 
bility for simple beam action yet 


restraint against wind forces 


Fig.9 Butt-welded splice is economi- 
cal for columns of the same nominal 
size 


sufficient welding must join the beam and 


its seat to transmit the thrust. When the 
wind blows from the opposite direction 
compression is induced in the top plat« 
and tension at the beam seat. Therefore 
the unwelded portion of the top plate 
must be designed to act as olumn to 
transmit the compression and the hori 
zontal element of the seat must be welded 
to the column to resist tl tensil or 
A welded top plate connection that ce 

velops 65 ft-kips wind moment for th 
beam used in the comparison and similar 
to the one shown in Fig. 8 costs $0.81 less 
than the riveted connection shown in Fig 
2(a) and eliminates other forms of win 


bracing as well 
As welding makes possible the elimina 
tion of all labor and material for bracing 
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Butt-plate type of splice must be used where column sections change 


sise but is often used for columns of the same size as shown in photograph 


and its connection by the substitution of a 
ecomparatlv ‘ly light top plate for a flexible 
top angle at a beam-to-column connection 
with only slightly more labor than that 
ordinarily required for the  beam-to- 
column connection, designers should not 
hesitate to adopt welding to utilize this 
very economical type ot wind connection 
Of course, this alternate method applies to 
simple framing only. Other considera- 
tions may indicate the adoption of rigid 
framing for even greater economy by 
welding 


COLUMN SPLICES 


The selection of welded column splices 
depends largely upon the arrangement of 
the column and the eonditon of loading 
Figure © shows a butt-welded column 
splice requiring a minimum of Jabor and 
material Except for electrodes, two 
pairs ot small elip angles shop welded to 
both columns at diagonally opposite toes 
and on the inside of the flanges, constitute 
all of the connection material. The clips 
serve for erection purposes only. The 
splice is shop prepared by beveling the out- 
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side of the flanges of the upper column and 
field welding the usually incomplete pene- 
tration butt joint formed. The load was 
primarily axial on the column illustrated 
and the depth of bevel was '/) in. The 
depth of bevel for other column splices in 
the same building was one-half the thick- 
ness of the flange or '. in., whichever was 
smaller 

When considerable bending moment 
occurs at a column splice, the butt-welded 
splice can adequately handle the resulting 
tensile and shearing stresses. This is done 
by increasing the depth of bevel as re- 
quired until the joint approaches 100% 
penetration. In such cases a!) mini- 
mum shoulder must remain after beveling 
to provide some milled bearing surface for 
the flanges to facilitate plumbing before 
welding. The web of the column is not 
beveled in any case, but a sealing bead 
may be applied to each side of the web if 
desired, 

The butt-welded splice can be used only 
when the columns are of the same nom- 
inal depth. Figure 10 
welded butt-plate type of column splice. 
The shallow depth of the beam framing 


illustrates a 
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into the web of the column below the 
splice permitted shop welding of the plate 
to the lower column and downhand field 
welding of the upper column to the plate. 
If a butt-plate on the lower column will 
interfere with the seating of a beam during 
erection, then the plate must be shop 
welded to the upper column, requiring 
more expensive overhead field welding 
When the columns joined are of the same 
nominal depth, the butt-plate is usually 
*/, in, thick, but it is made 2 in. thick for 
columns differing by 2 in. or so in depth. 
A comparison indicates the butt-welded 
splice will cost $1.11 less for labor and 
material than the butt-plate type of 
splice for 10-in. WF columns where the 
field welding is downhand for the butt- 
plate type. In comparison with a column 
splice utilizing connection plates shop and 
field welded to the flanges (not illustrated), 
the butt-welded splice will save $3.82. 
Over a similar riveted connection the 
butt-welded splice saves $7.02. 


SUMMARY AND CONCLUSION 


Comparisons have been made of the 
relative merits of various connections and 
the three types of framing permitted for 
building construction. The fact that 
semirigid framing potentially offers the 
greatest possible economy was brought out 
but not emphasized because its use is some- 
what limited by present stipulations in 
building codes. The comparisons indicate 
a building designed with fully rigid connec- 
tions, butt welding beam flanges directly 
to columns, and using columns of the same 
nominal size, in so far as practicable, for 
the entire height of the structure to utilize 
a butt-welded column splice, will be most 
economical at the present time. 

The comparisons also indicate a com- 
bination of standardized framing angles, 
built-up T-seats, butt-welded 
splices and plastic wind connection plates 


column 


will produce the most economical simply 
framed structures. 

The owner seldom has the knowledge 
or experience to specify one type of con- 
struction or another; therefore, he de- 
pends upon his architect and structural 
engineer to provide him with the best pos- 
sible structure at the least possible cost. 
To faithfully fulfill this trust the architect 
and engineer must consider all competitive 
methods, materials and processes and be 
thoroughly informed as to their relative 
merits, 

Riveting is a competitor of welding, 
reinforced concrete is a competitor of 
steel, yet in many respects one comple- 
ments the other. The various industries 
in the construction field continually strive 
to improve their competitive positions by 
research and development work and pro- 
fessional engineers play a most important 
role in this respect. Many steel fabrica- 
tors now advocate welding in lieu of rivet- 
ing, research workers and engineers are 
completing studies of plastic design, the 


Tue WELDING JOURNAL 


— > A 


concrete people are rapidly developing pre- 
stressed concrete and scientists are already 


ment, he cannot intelligently specify one 
method, material or process in preference 
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Surface Alloying in Brazing and Relate 


Techniques 


® Some fundamental considerations of surface alloying in brazing and bonding 


by Dr. Robert Humphrey and 
Rene D. Wasserman 


INTRODUCTION 


HE study of the union of two metals is a fascinating 
subject which has received considerable attention, 

So far no completely satisfactory explanation has 
been given of the mechanism underlying bonding. 
The mechanism of metallic bonding is primarily re- 
lated to attractive forces between atoms. These forces 
are also associated with the electron configuration of 
the metals involved. A case in point is furnished by 
Johansson blocks. These blocks are lapped to flatness 
up to 0.000002 in. 


sess a cohesiveness of more than 30 times that which 


When “wrung” together they pos- 
can be ascribed to atmospheric pressure. Figure 1 
illustrates the cohesiveness of a combination of blocks 
which had sustained a weight of 220 Ibs. Computation 
shows that the atmospheric pressure could not have 
contributed more than 6.6 lb. This experiment illus- 
trates that two metallic surfaces may be attached to 
each other by attractive forces. 

Metallic bonding is further aided by diffusion, which 
is the movement of atoms within a solution—usually 
from regions of high concentration toward regions of 
low concentration. The rate of diffusion in metals is 
normally considered to be a function of pressure, tem- 
perature and concentration. 

If the temperature of a metal is raised, the diffusion 
rates are increased and ability to form metallic bonds is 
facilitated as, for example, in the forging together of 
two bars of iron at elevated temperatures. 


Dr. Robert Humphrey is Consultant and Rene D. Wasserman is President and 
Director of Research with the Eutectic Welding Alloys Corp., Flushing, N. Y 
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Fig. 1 Mlustrating the cohesive qualities of a combination 

of Johansson Gage Blocks. ‘‘Wrung’’ together they have 

sustained a weight of 220 lb, of which atmospheric pressure 
could have contributed no more than 6.6 lb. 


There are many gaps and defects in the atomic struc- 
ture. They are more than sufficient to accommodate 
Diffusion 
through the lattice occurs in three ways, by (a) substi- 


the passage of many other moving atoms 


tution of atoms, (b) interstitial diffusion and (¢) vacancy 


diffusion. These conditions are shown in Fig. 2 


Figure 2a i‘ ustrates the substitutional type of dif- 
fusion in a simple cubic system. An A atom passes 
through the lattice and exchanges places with a B atom 


AA BAA AA BA A AA BAA 
SA A 6 A AA BA BAABA 
#5 

A BA BA A A BA & G-@ 8 A 

AA BAA A ABA A AABAA 

BAA BA BAA BA 
tol ic} 


Fig. 2) Mlustrating the movement of atoms through the 
space lattices: (a) Substitution, (b) interstitial, (c) 
vacancy 
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The nature of interstitial diffusion is evident from Fig. 
2h. 

When a lattice has a vacancy site, i.e., a position not 
being occupied by an atom, it may become filled by 
another atom. Such “Vacancy 
Diffusion” and is illustrated in Fig. 2c showing a B 
atom which can move into a vacant location within the 
lattice. After atom B has moved into the vacant spot, 
any adjacent atom may now move to fill the vacancy 


a process is termed 


left by the migrating atom B. 


BRAZING 


Bonding two or more metals together with a filler 
metal that has a melting point above 800° F, but lower 
than those of the metals being joined, is termed ‘‘braz- 
ing.’ Most brazing processes are conducted in the 
open With the aid of satisfactory fluxing methods, or in a 
controlled gaseous atmosphere. ‘‘Wetting”’ 
the prerequisites for insuring strong metallic bonds. 
The alloying characteristics of the metals involved ap- 
pear to determine their wetting qualities, or the ability 
to spread. Mercury on iron shows no perceptible dif- 
However, when it is in contact with copper it 


is one of 


fusion, 
may penetrate and show considerable alloying. 

Molten lead does not “wet” or alloy with iron. Tin, 
on the other hand, does wet readily with iron. Solders 
composed of both tin and lead wet or flow freely and 
form relatively strong metallic bonds with iron. 

In the case of mercury we have a liquid where the 
atoms have maximum thermal agitation and mobility 
when compared to the solid state. Why then is metallic 
bonding not possible? How can we classify our metals 
from observed facts into those that bond readily, those 
that bond with great difficulty and others which do not 
bond at all? The constitutional or equilibrium dia- 
grams help us. These diagrams express the relation- 
ship between phases under equilibrium or near equilib- 
rium conditions. In these diagrams temperature is 
plotted against composition, keeping vapor pressure as a 
constant of one atmosphere. 

In binary alloys, there are four basic types of solid 


phases: 


1. Commercially pure metals. 

2. Primary solid solutions. 

3. Intermetallic compounds. 

4. Secondary or intermediate solid solutions. 


In Figs. 3 and 4 we have the silver-copper and copper- 
nickel equilibrium diagrams which illustrate primary 
and complete solid solution types of diagrams respec- 
tively. The characteristics of the solid solutions are 
similar to those of the pure metals. 

The silver-copper diagram illustrates a primary or 
terminal type of solid solution. The primary solid 
solution occupies only a portion of the diagram and in- 
dicates that complete miscibility does not occur. 

Complete miscibility'of solute and solvent atoms do 
occur in the copper-nickel diagram. It would be safe 
to assume that more efficient metallic bonding is 
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Fig. 3 A portion of the silver copper equilibrium diagram 
illustrating the primary solid solution of copper in silver 
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Fig. 4 The copper nickel equilibrium diagram illustrating 
the cmgae solid solubility of copper and nickel 


possible between Cu and Ni than between Cu and Ag. 

Commercially pure metals and terminal solid solu- 
tions will not be discussed as they represent limiting 
cases of the above. 

Intermetallic compounds have definite chemical com- 
positions and properties. They melt or decompose at 
definite temperatures into either a single phase or a 
mixture of phases. 


Aoges Cement Added Element 

Fig. 5 (Left) Schematic representation of two inter- 

metallic compounds on a binary constitutional diagram. 

(Right) Schematic representation of a secondary or 

intermediate solid solution on a binary constitutional 
diagram 
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In a constitutional diagram, an intermetallic com- 
pound is usually indicated by a vertical line (see Fig. 
5). Intermediate solid solutions form from intermetal- 
lie compounds. As a rule, these phases are hard and 
brittle. 

Binary alloys may possess any two of the above- 
mentioned phases as stable mixtures and may coexist 
in equilibrium at the right temperature. 


THE EUTECTIC 
Partial solubility of two constituents is illustrated in 
the diagram in Fig. 6 of the silver-copper system. This 
type of alloy system is of extreme importance to the 
brazing and welding industry. ‘The cooling curves for 
pure silver and copper are shown as a and 7 respectively. 
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Fig. 6 (Above) Idealized cooling curves for a series of 

silver copper alloys. (Below) The silver copper binary 

diagram, as plotted from the cooling curve data above, 

and illustrating complete liquid solubility and partial solid 
solubility 


Upon passing from liquid to solid the cooling curve of 
these pure metals is arrested as illustrated in Fig. 6a 
The other cooling curves, with the exception of the 
composition designated by e, show gradual changes in 
the slope of the curves where both liquid and solid co- 
exist and solidification passes through a range of tem- 
peratures, 

The silver-copper system exhibits these types of 
curves. On the silver side of the diagram, the cooling 
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Fig. 7 Graphic representation of barrier offered to dif- 
fusion by physical state 


curves are similar to those in the Cu-Ni system where 
complete solubility in both the liquid and solid states 
occurs. This characteristic property is also observed 
where Cu in the Ag-Cu system is the predominant sol- 
vent. In this system, it is found that when an alloy 
28.5% Cu is reached 


of 71.5% Ag composi- 


tion ¢), the shape of the cooling curve simulates the 
characteristics of a pure metal, or an intermetallic com- 
pound. The remarkable property of this composition 
is that it solidifies at a constant temperature of 780° C, 
and furthermore, it has the lowest freezing point of any 
of the family of alloys in this system. 

Further consideration of this alloy shows the follow- 
ing characteristics: 

1. It is not a solid solution since it melts at a partic- 
ular temperature. 

2. It is composed of two mechanically mixed dis- 
tinct phases; therefore, it cannot be an intermetallic 
compound. 

3. At high magnification, the structures that are 
resolvable appear to be uniform. 

\lloys of the above characteristics are considered to 
be separate entities and are termed “‘eutectics.”’ 

An alloy in a metallic system which possesses the 
lowest transforming point on passing from liquid to 
solid is called ‘‘eutectic.”’ 

It may be better expressed by the equilibrium rela- 
tion: 


Solid 
heat 


Liquid 


In brazing or welding, excessively long periods at 
high temperatures may lead to serious distortion, ex- 
Eutectic 
compositions tend to minimize these objectionable 


cessive grain growth, porosity, burning, ete. 


physical properties because they solidify quickly. On 
solidifying, they do not pass through a range of tem- 
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peratures where both solid crystals and liquid phases 
occur simultaneously prior to complete freezing. How- 
ever, the use of pure eutectic compositions is often not 
practical since excessive quenching strains may result 
in cracking. To minimize these defects, alloy com- 
positions close to the eutectic composition are used to 
provide improved brazing properties. These alloys, 
due to their low melting point, require much less heat 
input during a bonding operation; thus they far sur- 
pass other alloy mixtures which exhibit undesirable 
postbonding results. 

Graphically we can visualize this condition by ref- 
erence to Fig. 7. Take the alloy compositions arbitrar- 
ily listed as X-NX, and Y-¥. We see that the alloy 
freezing along line X-X follows a long-temperature 
range from / tos. In this region /-s we have a mushy 
alloy condition wherein the maximum thermal agitation 
of the atoms is retarded. For Y-Y, an alloy composi- 
tion close to the eutectic, a similar state exists, but at 
a much lower melting point. The surface of the solid 
metal being welded or brazed is in direct contact with 
this metal whose atoms are in the high state of agita- 
tion, a condition which is optimum for both surface 
diffusion and penetration. 


SURFACE CONDITION 


In metallic bonding the preparation of the surfaces is 
of major importance. Commercial metals are usually 
covered with films of varying densities and composi- 
tions. Chemical analysis has shown that these films 
consist of oxides and, in addition, may contain other 
materials such as sulfides, sulfates and carbonates. 
Schematically we can then represent such metals in the 
manner sketched in Fig. 8. The oxide film acts as a 
barrier in brazing and must be removed either chemi- 
cally or mechanically to permit satisfactory metallic 
bonding. 

There are three major methods of cleaning metal sur- 
faces prior to brazing: (1) fluxing with salts that dis- 
solve and absorb the oxide films; (2) reducing the oxide 
films with reducing gases; (3) immersing in molten 
baths that combine both absorption of the oxides and 
an oxide-reducing action. To do asatisfactory job, the 
flux must possess proper physical as well as chemical 


properties. The flux should blanket the brazing alloy 


tranesttion zone 
Fig. 8 Graphic representation of oxide layer on a metallic 
surface 
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upon liquefying, thereby minimizing oxidation. It 
should be sufficiently viscous to serve as a blanket and 
not run off or spread too thin. It should also be clear 
to allow the operator to examine his work. To possess 
this latter property is convenient but not absolutely 
essential. 

A good flux should be durable, water soluble and cap- 
able of being deposited by brushing, dipping or spray- 
ing methods. In addition, it should wet the metallic 
surfaces and should not streak or spread in clumps. 

Oxides and other contaminations on the base metal 
and brazing alloy should be dissolved and absorbed by 
the molten flux. The unsaturated portion of the flux 
should be adequate to permit thorough metallic clean- 
ing during the brazing operations. A clean surface can 
also be obtained by reducing the oxides to the metallic 
condition. 


NEW FLUXES WITH DETERGENTS 

Certain chemical compounds possess the properties of 
reducing the surface tension of liquids, enabling them 
to wet completely foreign surfaces. They are called 
“detergents.”” Similarly, certain activating compounds 
are often added to brazing fluxes enabling them to pro- 
duce similar effects. A well-balanced flux usually con- 
tains fluorides, chlorides, borates and small quantities 
of these activators. The flux should have the following 
characteristics: (1) produce no excessive runoff, (2 
melt at temperatures below the melting point of the 
brazing alloy, (3) reduce or dissolve the oxide films, 
(4) wet completely both the base metal and the brazing 
alloy, (5) protect the base metal against oxidation 
during heating, (6) activate the surface prior to braz- 
ing, (7) be displaced by the brazing alloy when liquid. 

ACTIVATION OF SURFACE 

Activation of a metallic surface is most important for 
good metallic bonding. We have seen Low two Johans- 
sen blocks, when brought into intimate contact, have 
exceptional holding power. We may term each block 
as having its surface activated to permit strong metallic 
forces to be brought into action. 
similarly. As the atoms at the surface of a base metal 
are thermally agitated by heat all foreign matter is re- 
moved by means of the molten flux. Thus the virgin 
metal becomes exposed, permits the molten brazing alloy 
to diffuse into the base metal. This results in the forma- 


A good flux behaves 


tion of strong bonds. 


NEW OBSERVATIONS IN BONDING 


Strong metallic bonds are possible when a rapidly 
diffusible metallic layer is deposited on the base metal 
prior to brazing. The ensuing accelerated diffusion re- 
sults in strong bonds. These intermediate layers of 
monatomic metal thickness may come from the filler 
rod or from the flux mixture itself. Details relative to 
this method are recorded in Patent No, 2583163 cover- 
ing deposition from the filler rod. 
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The flux may contain metal ions which can be re- 
duced and deposits upon the base metal. The deposi- 
tion occurs at temperatures far below the melting 
points of the brazing materials. The deposited layer 
has the opportunity to fuse into the base metals. This 
is especially true when the deposited ions are low melt- 
ing elements, easily alloyable to the base metal. In 
this manner, brazing takes place readily because: (1) 
The diffusion occurs to atomically clean surfaces having 
high surface mobilities; (2) the two surfaces of the base 
metals alloy with the liquid brazing material by means 
of a low melting interface. These metal ions are im- 
portant brazing carriers and the layer deposited follows 
the law governing the electromotive-force series. 


CONCLUSION 


In summation, we find that strong metallic bonds de- 
pend upon the degree of diffusibility of the metals, 
which in turn is a function of pressure, temperature and 
concentration. 

The surfaces of even compatible metals must be 
treated before they can be brought into a condition 
favoring diffusion and the formation of strong metallic 
bonds. This treatment can be accomplished by me- 
chanical means, specific atmospheric treatment, chemi 
cal reducing action or by the use of scientifically 


designed fluxes 


Fig. 9 Procedure illustrating how the thermocouples 
were inserted into the parent metal of the weld sample. 
The hot junction of the thermocouple was placed in con- 
tact with the uppermost surface of the drilled hole; that 
is, within 0.002 of the top surface, and then connected toa 
Vicromax temperature recorder. The close contact be- 
tween the thermocouple within the parent metal was the 
only means to hold the thermocouple in place 
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The knowledge incorporated herewith has been uti- 
lized into devising and making new superior brazing 
alloys and fluxes. An example of this is given in the 
Appendix. 


Fig. 10 Example of weld metal deposit applied with the 
conventional rod and flux 


Fig. 11 Example of weld metal applied with alloy BCuZn 7 
rod with Eutector Flux 


Fig. 12 Completed weld deposit with BCuZn 7 alloy with 
Eutector Flux indicating the free-flowing characteristics 
as temperature recorded 1300 


Fig. 13 Railroad retarder mechanism gear built up with 
BCuZn7 and machined 
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Fig. 14~Retarder mechanism gear box repaired with 
BCuZn 7 and machined 


Fig. 15 Streetcar trolley shoes built up with BCuZn 7 


Appendix 


A series of experiments have been conducted to de- 
termine the temperatures reached by the base metal in 
depositing a BCuZn 7 filler metal. The experimental 
procedure was designed to demonstrate the effects of 
flux, composition of non ferrous rod and technique of 
deposition on the maximum temperature attained by 
the base metal in depositing a sound, dense filler metal. 
\ conventional manganese-bronze rod using a con- 
ventional flux and deposited in a conventional man- 
ner Was compared to the EuteeRod BCuZn 7 with the 
corresponding Eutector flux for depositing the alloy. 

The deposits were made on strips of mild steel, '/2 
x '/o x 4in., which were machined to accommodate 
thermocouples placed close to the surface onto which the 
weld was deposited, as shown in Fig. 9. 

The thermocouples were inserted into the weld sam- 
ple in such a manner as to place the hot junction of the 
thermocouple in good contact with the uppermost sur- 


Fig. 16 Glass manufacturing roll which had been warped 

by heat treatment. (A) Rolled overlaid with BCuZn 7 

without distortion or warping. (B) Overlaid roll after 
machining to concentric dimensions 


face of the drilled hole, i.e., within 0.002-in. of the top 
surface. The cold junction of the thermocouples were 
connected to a Micromax temperature recorder which 
was calibrated previous to the test runs, so that all tem- 
perature readings were completely automatic, accurate 
within + 10° F, and permanently recorded. Figure 
10 illustrates the alloy applied with a conventional rod 
and flux. Surface alloying was retarded. Figure 11 
shows BCuZn 7 alloy applied with Eutector Flux having 
free-flowing characteristics. Figure 12 shows the com- 
pleted test specimen. 

The following table of results is compiled from an 
average of data taken during these tests. 

Table of Results 
EutecRod BCuZn?, °F 

Liquidus 1710 
Solidus 1685 
Maximum temperature reached by base 1350 

metal upon filler deposition 

A few typical applications of EutecRod BCuZn 7 are 
illustrated in Figs. 13-16. 
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Magnetic Force Welding 


9 4 machine has been developed which uses the magnetic force of 
the welding current to produce rapidly rising pressure on the work 
adjustable in magnitude and synchronized with the welding current 


by Myron Zucker and Guy Cubitt-Smith 


Abstract 

A new type of spot and projection welder has been in service 
for over two years, producing millions of difficult welds with great 
reliability. 

This machine uses the magnetic force of the welding current to 
produce rapidly rising pressure on the work. The force is adjust- 
able in magnitude and is always perfectly synchronized with the 
welding current. 

Developed for a specific job of welding high-conductivity 
metals such as copper and silver, the machine shows promise of 
improving technique with other metals. It is essential to know 
the machine characteristics in order to make good use of the new 
principle in new welding applications. 

This article describes the magnetic-force welder, reports on 
force-time and related tests, and tells the results of some labora- 
tory and production welding of copper, silver, brass, tungsten, 
aluminum and steel. 


INTRODUCTION 


BATTERY of spot welders whose electrode force 

comes from the welding current! has been produc- 

ing a variety of welds for over two years, with much 

greater consistency than had been previously ob- 
tainable with standard welders. 

This success stimulated an investigation of the special 
characteristics of this type of machine, with a view to 
their possible application to a wider range of welds 
particularly the difficult ones. 

The major advance in these machines lies in the 
rapid, synchronized application of electrode force which 
makes it practicable to weld on a rising electrode force 
wave. This, in effect, gives an exceptionally fast 
follow-up. The importance of this factor has been in- 
creasingly recognized on research?~* and in practice 
through recent years. Fast follow-up improves weld 
quality, decreases expulsion, arcing and tip pickup 

The ability to apply a rapidly rising electrode force 
also allows the use of lower initial electrode force. 


Myron Zucker is connected with the Myron Zucker Engineering Co. and is 
representative for Precision Welder and Flexopress Corp. and Guy Cubitt- 
Smith is English technical consultant and formerly was with the Precision 
Welder and Flexopress Corp 

Paper presented before the Thirty-Third National Fall Meeting, AWS, Phila 
delphia, Pa., week of Oct. 20, 1952. Closing date for discussion Feb. 15 
1953 
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This has two advantages: Increased heat from a given 
current because of higher contact resistance; and con- 
centrated heat from projections on materials such as 
soft aluminum or magnesium that would collapse unde: 
the electrode force of conventional welders 

The successful operation of (he magnetic force welder 
depends upon the synchronized timing of the magnetic 
electrode force with the welding current. Unfortu- 
nately, programmed pneumatic systems of present de- 
sign are not capable of meeting these requirements due 
to the problems of inertia, air flow and erratic valving 
whereas, in the magnetic force welder, the synchronizing 
is inherent. 

Setups on a machine with mechanical action as radi- 
cally different as this one cannot be made casually. To 
take full advantage of its versatility and consistency, 
some attempt must be made to match the welding re- 
quirements to the machine characteristics. It is neces- 
sary to know, for instance, the shape of the pressure 
wave as each machine setting is changed. 

Therefore, before extensive work was done on weld- 
ing, the characteristics of the machine itself were ob- 
tained, in curve form. 

This report gives those eurves 

Then it shows how the curves ean be used as a guide 
in setting up for welding 

Finally, it produces some welding results on soft 
aluminum wire, projection-welded copper, projection- 
welded tungsten to steel, and spot-welded steel 


DESCRIPTION OF MACHINE 


The welder on which these tests were made was an 
outgrowth of the 30-kva magnetic force machine pre- 
viously reported by Klingeman and Kruer in the Jour- 
NAL OF THE AMERICAN WELDING Soctery.! 

This new machine is an experimental unit, furnished 
by courtesy of Precision Welder and Flexopress Corp. 
It is basically a size 1A Aircraft spot welder, 100-kva 
three-phase, 36-in. throat machine, No. 150705, illus- 
trated in Fig. 1. 

The ram is Precision ternalloy, ball-bearing mounted. 
The upper arm is the standard integrally formed with 
the body of the machine. The lower arm has the com- 
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Fig. 1 Experimental magnetic force welder 


mon extensible horn with spot-welding electrode holder 
and No. 2MT tips. 

Magnetic action is brought to the machine by re- 
moving the standard lower horn and inserting a special 
one shown in Figs. 1 and 2. On this is mounted a one- 
turn coil carrying the full welding current, except for 
the portion that might be diverted by an adjustable 
shunt. The coil surrounds one leg of an inverted U- 
shape iron core. Magnetic force is developed across 
the air gaps between the ends of this core and an iron 
armature or “clapper” attached to the electrode shaft. 
These gaps do not close. 

There are two interchangeable sets of iron: one of 
26-gage silicon transformer iron; the other of solid 
cold-rolled mild steel. 

There is also a small air cylinder at the bottom of this 
unit, furnishing the initial force under steady but ad- 
justable air pressure. 

Electronic controls are standard Weltronic frequency- 
converter, including forge delay and tailing heat. The 
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Fig. Magnetic force unit 
The single-turn coil is within the casing, connected between the 
heavy lead-in conductors to one of which the shunting shi 
(to right). The laminated steel magnet iron is seen at the 
larger portion is one leg on an inverted U stamping. 
aters the magnet coil. Lower laminations are the armature or 
r that is pulled toward the open ends of the U by magnetic force 
in turn transmitting this force to the electrode shaft. The shaft i« 
guided by ball bearings above and by the auxiliary air cylinder below. 


forging element was used on the frequency-converter 
tests, but could not be brought into play with the mag- 
netic force. 

From this brief description it can be seen that the 
value of force applied to the electrodes is subject to 
seven adjustments. Some are major, others not so im- 
portant. Their names and ranges are given in Table 1. 


Table 1—Adjustments and Design Features Governing 
Magnetic Force on Welder Being Tested 


Variable Range of values or choices 
Mechanical: 

Air gap 

Initial pressure 


0.035 to 0.125 in. 

0 to 100 psi in 3-in. cylinder. (Impor- 
tant when welding, but not when ob- 
taining short-circuit force character- 
istics) 

Magnetic: 

Core Laminated soft iron; solid CR steel 
Shunt None to */;-in. thick copper bar 


Electrical: 
Heat setting 30 to 100% } 
Weld duration 1'/; to 5'/; eyeles (60 -cycle basis) 
Operating sequence Alternate-polarity pulses; continuously 
on successive welds positive; continuously negstive. 
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Fig. 3 Schematic diagram showing the sequence of opera- 
tion and typical oscillograms 


MACHINE CHARACTERISTICS 


Tests were aimed primarily at the electromagnetic 
action that is the new feature of this welder—after 
enough work had been done to reassure us that the 
electrical control and power circuits were not greatly 
affected by the magnet. 

The shapes of the force-waves were found from cath- 
ode-ray oscillograms with no work between the welder 
electrodes. Details of test methods and precautions 
are given in Appendices 1 and 2. 


Oscillograms 


Figure 3 shows the complete weld cycle and illus- 
trates the portion shown in typical oscillograms. Iden- 
tifying points are: A, initiating switch to welder con- 
trols is closed. B, impact of the electrodes under air 
pressure. This transient pressure was used to trigger 
the oscilloscope, so that only the magnetic force portion 
of the picture appeared on the film. BC, squeeze time. 
C, current initiated. CD, magnetic pressure delay, the 
short interval between initiation of current and of mag- 
netic force build-up. CE, weld duration, lasting 1? 
to 5'/; cycles. On this machine, current is rectified 
from 3-phase power. It increases gradually to its maxi- 
mum value, and has appreciable ripple. F', pressure 
begins to drop. EG, hold time set on electronic con- 
troller: The air pressure is released and weld cycle com- 
pleted. 


Table 2—Conditions and Settings for Figs. 4-16 


Current always in negative pulses (plus alternate in Fig. 9). 


Figs. 4 6 
Magnet 
Solid x x 
Lam. 
Air gap, in. 
0.035 x : 
0.075 
0.100 
0.125 x 
Shunt,* in. 
None x x 
6-12 
1 ‘ x 
Heat, % 
30 
50 x x 
80 : 
Miscellaneous to 5! 


Derived 

Figs. 11 12 13 
Magnet 

Solid Ix x x 

Lam. x 
Air gap, in. 

0.035 

0.075 

0.100 

0.125 x 
Shunt,* in 

None x x x| 

6-12 


Heat, % 
50 


Pulse duration 5'/; cycles on all curves (plus 1'/; to 4'/s, in Fig. 4 


Force-times curves ~ 


8AL SAR 9 10 


. -Sup plementary——— 
14 15 16 


80 Peak force plotted against heat 


* 6-12 indicates number of 0.010-in. shims used for shunt; '/, in. was an aggregation of shims and bars totaling about ! 
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The encircled section of Fig. 3 shows a typical oscillo- 
gram. All the force-time curves in this paper are se- 
lected from more than 75 oscillograms. The curves 
usually show average forces, neglecting ripple unless it 
has special significance. 
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Fig. 4 Family of curves showing the effect of weld time 


Variables 


The effect of varying any of the factors listed in 
Table 1 is shown in the “families” of curves in Fig. 4— 
16. To clarify this series, we list in Table 2 the values 
of the adjustments that were fixed for each figure, as 
well as those (boxed in) that were varied to get the 
families of curves. 
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Fig. 5 Effect of heat setting 
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Form of Presentation 


As shown in Table 2, the curves are grouped as fol- 


lows: 


(A) 


Representative force-time curves are plotted 
(Figs. 4-10) from selected tests to show trends of the 
force waves with no work in place. 
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Fig. 8 (A) 


Effect of magnet core design 
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OF FORCE. 
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Fig. 8(B) Effect of magnet core design 
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showing (1) peak force vs. heat setting and air gap in 


(B) 


From the force-time curves are derived curves, 
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Fig. 9 Effect of weld current polarity 
2400 
52 
-0-0-0-0-0-9-2 
= 
1600h 
| AI AN 
w | 
z 
© Hy. =. 
S 
LAMINATED CORE 
0-075" AIR GAP 
UNI-NEGATIVE 
= KEY POLARITY 
80% HEAT 
x 30% HEAT 
% 2 4 6 8 
TIME IN CYCLES (60 CPs) 
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the magnet (Figs. 11-12); (2) values indicating the 
shape of the force-time curves: time to start magnetic 
force, Fig. 13; and maximum rate of rise, Fig. 14. 

(C) Supplementary force-time curves showing (1) 
tailing-force patterns, Fig. 15 and (2) force-time curves 
with work in place, Fig. 16. 
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Force-Time Curves 


The first set of oscillograms, plotted in Fig. 4, was 
made with weld duration as the variable. It shows 
that the longer weld time produces a force that is simply 
an extension of the curves for the shorter times. This 
was checked with many other machine settings. The 
consistency was so great that thereafter 5'/3 cycles 
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heat 
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Fig. 15 Complete magnetic force curve illustrating rapid 
decay of force 


weld time was used to establish the force pattern for all 
other variables. 

Figure 5 shows the effect of heat setting (current). 
Higher heats increase forces, as expected. Each curve 
is a reproduction of the current-time relation, rising 
rapidly at first and then slowing down as the current 
approaches its steady-state value. In some cases 
(e.g., Fig. 10), the force wave has a flat top because of 
saturation of electromagnet. 

Figure 6 shows that the air gap between the armature 
and the fixed iron in the magnet has only a moderate 
effect on force, even in the solid-core case illustrated. 
The increase air gap causes slight decrease in rate of 
rise and in maximum force. The gap has little or no 
effect on laminated magnet. 

Both the electrode force and the electromagnetic 
“kick” on the welder conductors open the throat 
slightly. This decreases the air gap during the weld 
and tends to increase the electrode force at a time when 
this is desirable. 

The initial air gap must be made sufficiently large so 
that it is not closed by this action plus the setdown of 
the weld. 

Shunts, Fig. 7, can affect the curves in three ways: 

1. Delay the start of force rise. This is because of 
the electrical relations between shunt and coil that make 
the initial current go through the shunt, and build up 
later in the magnet. 

2. Decrease the rate of rise of force, for the same 
reason. 
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Fig. 16 Force-time curves with workpieces between the 
electrodes 


3. Cut down the peak force by diverting part of the 
steady-state current from the magnet. This effect will 
be in proportion to the resistance of coil and shunt, if the 
current flows for a long enough time 

The importance of these effects depends on other ma- 
chine conditions. For instance, shunting of the solid- 
core magnet (Fig. 7L) delays and decreases rate of rise 
and maximum force. But shunting the laminated 
magnet (Fig. 7R) introduces a slight delay (which is 
often desirable’, decreases rate of rise radically so that 
it is about the same as for solid-core values, but affects 
maximum force relatively little because the magnetic 
core is saturated even at the decreased coil-current (see 
“magnet core” discussion that follows). 

Figure 8 shows the magnet core. One of the most in- 
teresting comparisons is furnished by tests of the two 
cores, because they represent different materials, cross 
sections and flux-leakage paths. (In this report, 
“core’”’ refers to the magnetic material around the coil 
and that in the armature.) 

It is seen from Fig. 8A-R that the laminated core curve 
rises rapidly and evens off to a constant value (disre- 
garding ripple), whereas the solid core starts more 
slowly but goes to a higher peak. This crossing is ex- 
plained as follows. 
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At the beginning, the laminated structure responds 
quickly to current because first the laminations mini- 
mize eddy current losses that tend to delay establish- 
ment of magnetic lines across the air gap where they 
create the desired pull; and secondly, the “soft” iron in 
the laminations magnetizes readily. The solid iron, on 
the contrary, was slow-acting. 

But the laminated magnet soon comes to its maxi- 
mum foree: for the cross section of iron is practically 
limited to the few laminations straddling the shaft 
(see Fig. 8B). The middle group of laminations on 


the armature and in the crosspiece of the core around 
the coil are interrupted by air gaps that practically keep 
the flux out of them until the other iron is saturated. 
Hence, iron-carried flux is low, much of it tends to loop 
around the coil rather than crossing the gaps to the 


armature, and electrode force (which depends on air- 
gap flux) is kept to a moderate peak. 

After a slower start, the force in the solid iron magnet, 
having a higher air-gap flux, reaches greater peak values 
of electrode force. Even this, however, is a small frae- 
tion of the potential force calculated from the available 
ampere-turns and cross-sectional area of the core. 
Later designs show improvement in this regard. 

Figure 8A-L with shunted coils shows similar differ- 
ences, Rate of rise is lowered in all shunted tests. 
With 30°7 heat, the solid core takes current slowly, so 
that force at end of weld time is low but still rising. 
If weld 
continued long enough, coil current would be the same 
for laminated and solid construction: the differences in 


The laminated has reached its maximum force. 


force then would be due to area and (if unsaturated) to 
the difference in reluctance of the iron paths. 

At 50°], heat with shunted coils, these differences 
approximately counterbalance each other, so that solid 
and laminated reach about the same maximum force. 

Figure 9 shows weld current polarity. When alter- 
nate polarity is used (i.e., each single-pulse welding 
current has an opposite polarity to the previous pulse), 
force rise is slowed because magnetic flux must be re- 
versed before it appears as force on the electrode shaft. 
The continued negative polarity (“uninegative’’) gives 
faster initial force. Final force is about the same in 
either case if duration is sufficient. This difference 
does not appear when the laminated soft-iron core ma- 
terial is in the machine. 

Figure 10 shows ripple. Low heats are obtained by 
using only a portion of the voltage wave. This pro- 
duces ripples in the current wave, which appear also in 
the force wave with laminated cores. The presence of 
ripple in laminated, but not in solid cores, is explained 
by the eddy current and iron “softness” discussed under 
“magnet core.” 

Percentage of ripples (peak-to-trough, in relation to 
average force) for the conditions of Fig. 10 are: 


Heat, % 
30 
80 


Ripple, % 


Magnetic Force Welding 


It is thought that the ripple may improve weld 
quality under certain conditions. 


Derived Curves 

Figure 11 shows peak force vs. heat setting. Higher 
heat (current) increases magnetic force until laminated 
core saturates at about 50°. With solid core, greater 
effective cross section prevents this, as discussed under 
Fig. 8. 

Forces up to 3000 Ib were produced by this magnet. 
There is no inherent limit to this value: Magnets can be 
designed for higher or lower force, according to the needs 
of the welding job. 

Figure 12 shows peak force vs. air gap setting. In- 
creasing the gap decreases the peak force, but not to the 
degree that might be expected. This is because (a) the 
gap cannot be made very small, as explained in discus- 
sion of Fig. 6; (b) this magnet is relatively inefficient 
(newer ones are showing improvement); and (c) air-gap 
adjustment is self-compensating to some extent because 
greater gap gives lower inductance, faster current rise, 
higher current vielding greater flux and hence higher 
force. 

Figure 13 shows delay (CD on Fig. 3) in start of mag- 
netic force build-up vs. heat setting. Considerable 
control was obtainable with shunted solid-core mag- 
nets, up to 2 cycles when heat was set at 30°%. The 
laminated core did not respond; the force appeared in- 
stantly with current. 

Figure 14 shows maximum rate of rise of magnetic 
force vs. heat setting. With the laminated iron, force 
rises instantly unless shunts divert the current. Shunts 
and air gap also govern the rate of rise with solid cores. 
Hence a desired value can be selected for the job in 
hand. 


Supplementary Force-Time Curves 


Figure 15 shows decay of magnetie electrode force. 
After weld current stops, the magnetic force is main- 
tained (EF of Fig. 3) for approximately the duration of 
initial delay CD. It then decreases rapidly. 

For those cases where control of decay is desirable to 
refine the weld, this can be attained by negative slope 
control of the current. 

Figure 16 shows force-time curves with work in place. 
Insertion of aluminum produces but little difference in 
maximum welding force. The high resistance of the 
uncleaned aluminum of Curve 3 is responsible for the 
delay in force rise, and is one of those self-compensating 
effects that gives strong welds despite changes in weld- 
ing conditions. 

The relatively high resistance of stainless steel 
throughout its temperature range decreased the current 
and hence the welding force. 

Satisfactory welds were obtained on all specimens 
with identical machine settings. 
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APPLICATION OF MACHINE CHARACTERIS- 
TICS TO WELDING 


Before presenting examples of welds, we will outline 
the relations between machine settings and weld re- 
sults. 

The curves in the previous section show that a wide 
variety of force waves can be obtained on the magnetic 
force welder. To make the best use of them, we should 
know the corresponding requirements for each material 
and thickness to minimize expulsion, tip pickup, in- 
dentation and sheet separation, and to insure satisfac- 
tory welds 

Such information is, unhappily, not available in de- 
tail. We often know, however, what is required in a 
general way at each stage of the weld, and this is a use- 
ful guide for selecting the correct machine settings. 


Initial Force 


Low initial force may be utilized for several different 
purposes 

It aids the welding of high-conductivity materials 
because low pressure means high electrical contact re- 
sistance that develops heat faster with a given initial 
welding current. Only the fast action of the magnetic 
force unit permits use of low initial force, followed by 
high tip pressures to retain molten nugget in place 

As a variation, weld surface burning can be prevented 
by use of low initial current, depending upon the high 
resistance to develop adequate heat. 

Third, low initial force can prevent collapse of pro- 
jections by being proportioned to embossment size and 
strength. 


Magnetic Force Delay 


It is often beneficial to maintain the low initial pres- 
sure for a evcle or two, retaining the increased heating 
effect of the high resistance until the workpiece begins 
to soften. High-conductivity materials may gain most 
from this effect 

Projections, on the other hand, tend to reach melting 
temperatures rapidly; hence short force delay is re- 
quired, 


Rate of Electrode Force Rise 


This is probably the most important factor in making 
good welds on the rising force wave. 

The ideal force pattern would be one that, at each in- 
stant during the heating process, maintained the work 
pressure between the minimum that will prevent ex- 
pulsion and arcing, and the maximum beyond which 
there will be excessive indentation, sheet separation and 
tip pickup by diffusion. 

The selection of such a force pattern should usually be 
possible by proper adjustment of the magnetic force 
machine; since, as seen from the curves of machine 
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characteristics, the rate of rise, and even the shape of 
the force wave, can be controlled over a wide range. 

There are certain applications in which maximum 
rate of rise is desirable. Projection welders, where 
there is appreciable setdown of the work, require ad- 
justment of rise suitably to overcome inertia losses of 
the electrode head—which usually calls for maximum 
rate of rise such as obtained with laminated core 

High rates of force rise are also desirable where high 
heating rates and hence short weld times are used to 
localize the high temperature, as in spot welding neat 
metal edges. 


Effect of Line Voltage and Air Pressure Changes 


Due to the compensating action of the magnet, it ap- 
pears that the machine will be less sensitive to line vol- 
tage variation than standard welders; and, of course, ait 
line pressure will only affect the initial electrode force 
which is a small fraction of the total, so will have little 
or no effect on the welds. This lack of sensitivity has 
been apparent in production. 


Examples 


Although the method of using the machine curves, 
Figs. 4-16, for selecting setups is still in the preliminary 
stage, some interesting cases illustrate the usefulness of 
this approach. Some of these examples are experi- 
mental; others are from production lines. 

The machine characteristics were used in selecting 
adjustments for spot welding uncleaned 18-gage 28 and 
38 aluminum sheet for a refrigerator part. A large 
number of commercial-quality welds were required with 
minimum tip pickup. On a standard machine, a maxi- 
mum of only 28 spots could be made between tip dress- 
ings with the best techniques, including slope and taper 
controls on standard 60-cycle machines 

This work was brought to a Precision magnetic force 
welder. With a laminated core and no shunts—force 
rose too fast, as indicated at A, Fig. 17. The peak of 
the force wave had been reached before the nugget had 
formed, so the weld was, in effect, made under pressure 
that was both statée and too high. The low resistance 
resulting from the high force decreased the heat so 
greatly that only a “good stick” was made. 

Then, going to the other extreme, B, Fig. 17, many 
shunts were attached, decreasing rate and magnitude of 
force. Expulsion resulted. 

By properly selecting shunts, welds were made on the 
rising force of sufficient magnitude (C, Fig. 17)—ove1 
700 spots then being made before tip dressing became 
advisable. A continuous run of welds, each of which 
pulled nuggets of consistent size, is illustrated in Fig 
18. This shows the smooth surface and light indenta- 
tion characteristic of aluminum welds with minimum 
tip pickup. 

In passing, Fig. 17 shows in dotted lines the “‘ideal’”’ 
temperature and force curves for welding aluminum 
alloys to military specifications. This desirable re- 
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hig. 17 Schematic arrangement of electrode force patterns 
in relation to the nugget formation 


tention of force during a controlled cooling period was 
not included in the machine on which this work was 
done. It can readily be added for those few cases 


where it is required. 


Unusual Welds 


Proper selection of machine settings has permitted 


some unusual welds to be made—such as the cross- 
in. diam shown in the middle 
foreground of Fig. 18, and the projection welds on 35 


aluminum 0.090 to 0.064 in., uncleaned. 


wire 38 aluminum 


In both cases 
the weld results were due to the unique ability of the 
magnetic force machine to bear lightly on the work be- 
fore welding. Then with the welder set for a rapid rate 
of force rise under static conditions, it was able to over- 
come the inertia of the head and maintain the required 
minimum electrode force throughout the collapse of the 
projection. Welds were made one at a time. 

The projections used on the 0.090-in. aluminum are 
The finished 
side of the 0.064-in. metal is shown on the round piece, 
about 3 in. diam. Next pair of parts show a set tested 
to destruction, with buttons still on the 0.090-in. piece 
and holes in the 0.064 in. 


shown in the left-hand triangular piece. 


To indicate that this is not a critical setting, two 
thicknesses of 0.090 in. were welded; button pulled as 
at top left of Fig. 18. 
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0.090-in. piece showing buttons pulled. 4—0.064-in. piece showing 
holes pulled. Pair of pieces at upper left: 0.090-in. pieces welded at 
—— with same machine setting as previous group. Large button 
pulled. 


A closer view of the welded wire with the last weld 
sectioned (Fig. 19) shows a complete bond between the 
two wires. This can be accomplished with either more 
or less setdown than illustrated here. 

Another applic:.tion for which this machine is well 
adapted is projection-welding copper. Welding two 
0.082-in. thick copper straps is shown at the left of Fig. 
20. The projections are seen on the left strap; tested 
welds on the two middle specimens. Both unique 
features of the welder are used to make these welds 
the low initial pressure increases contact resistance and 
develops more heat for a given current; the rapid ap- 
plication of force permits unusually high currents to be 
passed through the work, giving the heat concentration 
that makes the best welds on copper. 


Sectioned cross-wire weld 
from Fig. 18 


Fig. 20 Copper-to-copper and tungs- 
ten-to-steel 


Left-hand strap illustrates projections on 
0.082-in. copper. Middle pieces show welds 
tested to destruction, pulling metal. At right, 
sintered tungsten contact disk, pulling hole in 
steel arm. 
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Fig. 21 Silver contact disk to brass arm 


as 


z and long electrode life have 
nachine. 
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Tungsten-to-steel welds, the right-hand piece in Fig 
20, are another illustration of the versatility of this ma- 
chine. Although it may be argued whether the joint is 
a true weld, it is strong enough to pull a button out of 
the steel sheet. Many thousands of contact points 
have been successfully welded without damage to the 
tungsten. This results from the high contact resistance 
obtained with light initial electrode force, followed by 
the driving action of the magnet in synchronism with 
the welding current. 

Figure 21 is macrograph of a silver-to-brass contact 
from a production run on a 30-kva magnetic force bench 
welder. As with the previous illustration, the high con- 
tact resistance is utilized to permit low currents to pre- 
vent burning. The rapid application and accurate 
timing of tip force during the later part of the weld 
eycle is especially needed to prevent expulsion in this 
material that has a low plastic temperature range. 
The vestige of the coined projection in the silver may 
be seen in the photograph, but the difficulty in etching 
the silver makes it hard to determine the exact diameter 
of the weld. This product has an excellent service ree- 
ord. 

For a final example, Fig. 22 shows top and side views 
of 20-gage mild steel sheets. Though the electrode 


overhung the edge, the weld is strong and there is only 
a small, smooth bulge of metal rather than the ‘“‘whis- 
kers’”’ and ragged edge that might be expected. This 
improvement is attributed to the carefully controlled 
rate of force rise which permitted use of relatively high 
current and short weld time 


CONCLUSIONS 


The force-time characteristics of the magnetic force 
welder can be accurately determined, in a form that 
shows the effect of each variable on the shape and mag- 
nitude of the electrode-force curve. 

Such curves can be used to choose preliminary con- 
trol settings and machine adjustments for making the 
first welds on new work; and to guide the changes to 
pro luce results by successive trials. 

Certain advantages are noted when a synchronized 
current-force-time pattern is used instead of good aver- 
age values of current and electrode force. Production 
experience has shown this to be particularly beneficial 
in welding high conductivity materials, and the tests 
indicate that it may be valuable in broader fields 
Good welds have been made under conditions that 
create difficulty for conventional welders, for example: 
At edges of steel flange, silver to brass, tungsten to 
steel, copper to copper, projections on aluminum 
Consistency of welds is improved by the compensating 
action of the magnetic force unit that makes these ma- 
chines fairly insensitive to line-v oltage changes normally 


encountered, and by the improved electrode life 


FUTURE DEVELOPMENT 

By better design the magnetic circuit can be im- 
proved, increasing the force. 

Improved methods of adjusting slope and magnitude 
of force are being developed, including some mechanical 
refinements and some new ideas in the magnetic circuit 

A 60-cycle a-c welder has been made and is being 
tested 

It is hoped that research in designing and applying 
this magnetie force principle will continue. The re- 
cording of machine settings for different applications 
will reveal the best relationship of the force pattern and 
current form for a variety of materials and applications. 
This would considerably ease the task of determining 


the best welding conditions on new jobs 


Fig. 22 Magnetic force spot weld on 20-gage 1010 steel, with centerline of tip at edge of sheet. Smooth condition noted on 
both top and side views 
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the magnetic air gap to the desired value, loosening the 
upper electrode holder, bottoming the ram, bringing the 
upper electrode into contact with the lower one or with 
the work and then tightening the upper holder. Full 
air pressure was applied to the upper cylinder to furnish 
a solid base against which the magnetic force acted. 

Most tests were made with 6-in. radius No. 2MT 
electrodes butting against each other...as near to 
RWMA conditions for short-circuit tests as the present 
machine permitted. 

The range of air gaps was determined by machine 
design. The minimum was the gap which would not 
close during the force evecle, as the horns separated 
slightly under the load. 

Until the electrodes wedged tightly into their holders, 
the air gap had to be watched carefully since hammering 
in the tapered tips shortened the air gap. 


Instrumentation Precautions 


Amplifier strain gage was balanced at frequent in- 


tervals by self-contained adjustments. 

Good water cooling of electrodes was required to pre- 
vent thermal expansion from giving faulty strain indi- 
cation—not to mention prevention of undue tip pickup 
when welding aluminum. 


Appendix | 


TEST CONDITIONS AND OPERATING PRECAU- 
TIONS At the start and finish of each day’s run, the oscillo- 
graph force deflection was calibrated against a static 


The welder shown in Fig. 1 was built for the com- 
pressure gage, the horizontal component against a 60- 


parison of a standard mechanical system with the mag- 
Ordinarily three-phase welding 
with air pressure was carried out using the standard 
lower horn, not shown in the picture. Magnetic force 
tests were made by inserting the other horn, shimming 


netic force device. cycle time wave. 

There was sufficient time between welds to permit the 
magnetism to discharge from the electromagnet through 
a discharge resistor that was connected across the coil. 


WELD TECHNIQUE FOR FIGURES 18-22 


Fiqure— 20 21 22 
Detail— 
Vaterial— Copper Silver Steel 
Upper 28 Aluminum Commercially pure Contact 1010 
Thickness, diam, in. 0 050 0.090 0.090 0.002 ; 0.037 
Proj. diam None 0.175 0.175 0.150 j None 
Lower 2s Aluminum Copper ass 1010 
Thickness, diam, in. 0 050 0.064 0 090 0 O82 : 0.037 


8 
Ribbon Sheet Triangle 


Brushed N Not 
100 q 100 


Surfaces Brushed Brushed Not Cleaned 
Welder on which work 


was done, kva* 30 100 100 
Machine settings and adjustments 

Air force, lb 350 
Magnet core Lam. 
Air gap, in. 
Shunt, tn. 
Heat, % 
Cyele 
Weld duration in 60- 

cycle timing, cycles 
Electrodes—-RW MA Class 2 throughout 


* The 30-kva machine is deseribed in Reference 1; the 100-kva machine in this paper. 
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Appendix 2 
INSTRU MENTATION 
Pickup 


Force. Pair of strain gages, Baldwin Locomotive 
Type SR4, ! 
longifudinally to lower electrode; 


, in. long, gage factor 1.8. One cemented 
other hanging free 
for reference. Gages and leads shielded with braided 
aluminum 

Dyna-Mike strain-gage pickup and amplifier with 
8000-cycle carrier wave and band-pass filter. In- 
dustrial Electronics Model 1290, with Model 166 
bridge. This was the only method that recorded force 
without excessive inductive pickup which was particu- 
larly bad because of the stray flux from the electro- 
magnet in the welder. 
RPI manganin shunt built into electrode 


Current 


holder 


Toroid around upper tip 


Recorder 


DuMont Model 304 5-in. oscilloscope, with attached 
Land camera Type 297. 


Direct Measurements 


Force. GE 2000-lb force gage for static calibration 
Resistance. Pogo Type PB eable tester, for welder 


secondary 


ALUMINUM CLEANING 


The test strips were cleaned by Diversey Corp. proc- 


ess, Bulletin 49D, with 5 min degrease in No. 36 solu- 


tion, 6-10 min wash, 6 min etch in No. 514, 5 min 
Wash. 
Surface resistance measurements on material so 


treated were consistently 6-10 microhms 
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293-298; no. 9 (Sept 335-340 

Tr Silver Alloy. Brazing Made Easier. Steel, vol. 131, 
no. 11 (Se pt. 15, 1952), pp. 102, 104 

Bridges, Highway, Great Britain. Recent Developments in 
Road Bridge Construction in Great Britain, R. E. Walsh. Roads 
& 5 aoe Construction, vol. 30, no. 356 (Aug. 1952), pp. 228 


‘ars, Freight, Hopper. C. & KE. 1. Hopper Cars Are Designed 
for ig tome Strength. Ry. Age, vol. 132, no. 13 (Mar. 
1952), pp. 38-41. 

‘Contour’ Are Welding, F. J. Pilia. Welding Engr., vol. 31, 
no. 4 (Apr. 1952), p. 54. 

Copper. Welding Procedures for Copper-Base Alloys, L. F 
Spencer. Welding Engr., vol. 37, no. 3 (Mar. 1952), pp. 17-22 
no 4 (Apr » pp. 42—46, 48. 

Copper and Copper Alloys. Forming Copper Prior to Assem- 
bly, L. Bernhardt. Welding & Metal Fabrication, vol. 20, no. 8 
(Aug. 1952), pp. 281-285; no. 9 (Sept.), pp. 316-320 

Cutting Tools, Repair. Salvaging Broaches and Milling Cut- 
ters by Welding, A. L —e Tooling & Production, vol. 18 
no. 5 (Aug. 1952), pp 72-7 

Docks Gates. Welded Doe k Gates for 100 ft River Entrance 
Engineer, vol. 193, no. 5031 (June 27, 1952), pp. 870-871. 

Drop Forging. Welding Doubles Life of Forging Dies, A. L 
Phillips. Steel, vol. 131, no. 10 (Sept. 8, 1952), pp. 86-87 

Education. How College Training Improves Welding Quality 
Industry & Welding, vol. 25, no. 8 (Aug. 1952), pp. 38, 41, 43, 
62 63 

Electric Are. Some Suggested Causes of Porosity and Hot- 
Cracking in a Are Welding of Plain Carbon Steels, A. Apold 
Welding Research (Brit. Welding Research Assn.), vol. 6, no. 3 
June 1952), pp 581 66r, 1 supp. sheet 

Electric Resistance, Flash. New Service for Flash Welding, 
W. C. Henzlik. Welding Engr., vol. 37, no. 8 (Aug. 1952), pp 
15 16, 48, 
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Electric Resistance, Titanium. Flash Welding Titanium Alloys 
I. A. Ochler Light Metal Age, vol. 10, no. 7-8 (Aug. 1952 
pp. 12-13; see also Modern Me tals, vol. 8, no. 7 (Aug. 1952), p 


Electric Transformers. | JIC Standards for Resistance Welding 
Tr: ansformers Elec. Mfg., vol. 50, no. 2 (Aug. 1952), pp. 117, 322 
324, 326 

I lectri Resistance Light Metals. Mechanical and Corrosion 
Tests of Spot-Welded Aluminum Alloys, F. M. Reinhart, W 
Hess, R. A. Wyant, F. J. Winsor and R. R. Nash. NACA 
Tech. Note 2538 (Dec. 1951), 74 pp., illus., diagrs., charts, tables 

Internal Combustion Engines, Aluminum. Engine Blocks 
Sandwiched from Simple Castings. Steel, vol. 131, no. 9 (Sept 
1, 1952), pp. 88-89. 

Iron Castings. Survey of Modern Theory on Welding and 
Weldability, D. Seferian. Sheet Metal Industries, vol. 29, no 
303 (July 1952), pp. 627-634, 642; no, 305 (Sept.), pp. 827-832 
840 

Light Metals. A.C. Argonare Process for Welding Aluminum 

Oscillographic Analysis of Effects of Welding Transforme: 
Open Circuit Voltage on Are Re-ignition, L. H. Orton and J. ( 
Needham. Brit. Elec. & Allied Industries Research Assn.—Tech 
teport Z/T82 (1952), 23 pp., illus., diagrs., tables, 5s. 

Light Metals Electric Are Welding of Mz agnesium Allovs, 
K. K. Khrenoff, M. N. Gapchenko, and G. Sakhatzky 
Engrs.’ Digest, vol. 13, no. 2 (Feb. 1952), pp. 43-44; see also 
Aircraft Eng., vol. 24, no. 283 (Sept. 1952), pp. 277-278 

Light Metals font Aluminum Welding Starts with Enginee: 
R. M. Curran. Gen. Elec. Rev., vol. 55, no. 3 (May 1952), pp 
13-15 

Materials Testing Laboratories. Fatigue-Testing Laboratory 
Engineering, vol. 174, no. 4510 (July 4, 1952), pp. 12-13; (illus 
p 16 

Materials Testing Machines. Fatigue Testing Machine at 
B.W.R.A. Laboratory. Engineer, vol. 194, no. 5032 (July 4 
1952), p. 15. 

Metals and Alloys, Hard Facing. Efficiency of Hard Facing 
Operation Increased by 15% Industry & Welding, vol. 25, no. 8 
(Aug. 1952), pp. 33-34, 58-59 

Metals and Alloys, Hard Facing. Performance of Hard Facing 
Welding Alloy, N. D. Berrick. Australasian Engr., vol. 45 (June 
1952), pp 54-59 

Motor Truck Manufacture. Welded Aluminum Dump Truck 
Bodies. Welding Engr., vol. 37, no. 4 (Apr. 1952), pp. 40-41 


(Continued on page 1199 


Large-Scale Welding Done on Chevrolet Front 
Frame Members 


§ More than four million were completed in less than three years. 
Each assembly includes two **three-o’clock”’ submerged arc welds, 
several hand are welds, two butt and several spot and projection welds 


by L. E. Feeney 


N SOME respects, the front frame member of Chev- 
rolet passenger cars is among the most important, 
unusual and interesting assemblies of stampings to 
be found anywhere. Its largest component is a 
trough-like '/s-in. thick steel stamping having a U- 
shape section throughout most of its length. Out- 
turned flanges at front and rear are joined by numerous 
spot weld to a mating plate that closes the U. 
At each end of this assembly there is a stamped well 
or spring housing of steel 0.100 in. in thickness. Each 
of these housings is drawn in two halves that are joined 
by a butt weld. Later each spring housing is provided 
with a separately stamped spring seat fastened in place 
by projection welds. 
Subsequently, the two spring housings are joined to 
the ends of the major crossmember by two three- Fig. 1 Two halves of a stamped spring housing for a 
o'clock submerged are welds that follow an are of 180 Chevrolet front frame crossmember are here shown in the 


é - dies of a butt welder ready to make the weld as the dies are 
deg. Both of these welds are made simultaneously closed 


in special machines developed and built for the purpose 
by Chevrolet. 
There are, besides the components just mentioned, 
several other minor ones in the assembly and they are 
applied by various welding methods. The completed 
assembly represents an unusual achievement in welding. 
From December 1948 to April 1952, 4,232,951 of these 
weldments were produced. They involved the use of 
160,993 lb of welding wire and 651,911 Ib of granular 
welding flux, 
Each of the final assemblies is subsequently built into 
the frame for a Chevrolet car and during its life is sub- 
jected not only to the weaving and torsional stresses 
that frame members receive, but to the constant and 
often severe stress imposed by a “knee-action’’ front 
suspension system. It is a tribute to good engineering 
and production practice that a structure of this type, 
though comparatively light in weight, meets all service 
requirements over periods of many years. Frame 
front members are built complete in the Chevrolet 
Gear and Axle Divisions’ plant, Detroit. 
Fig.2 Completing the butt weld that joins the two halves 
of a spring housing and makes it ready for some secondary 
L. B. Feeney fe Plant Engineer of the Gear and Azle Plant, Chevrolet Motor operations before the housing is arc welded to mating 
Division, General Motors Corp., Detroit, Mich. components 
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Joining of the two halves of spring housings is per- 
formed by machine butt welding using setups like 
that shown in Fig. 1. The two halves are loaded by 
hand and are air clamped in the dies which are then 
closed to produce the weld. This weld is in a vertical 
plane, as shown in Fig. 2. Ten of these machines are 
used. 

Subsequently, each spring housing receives a spring 
seat which is projection welded in setups like that in 
Fig. 3, with the housing air clamped in the lower die 
and the seat attached to the upper die which is lowered 
to effect the welds 

Major joints required to fasten spring housings to the 
U-section crossmember are welded with the submerged 
are process, welds being made in the three-o'clock posi- 
tion as shown in Figs. 4 and 5. These make use of 
machines designed and built by Chevrolet and they are 
believed to be the first machines to do automatic are 
welding of the three-o’clock type on a high production 
basis. Five of these machines are employed and each 
makes a pair of are welds per piece. 

Each machine has two automatic Lincoln welding 
heads, both equipped with a fillet welding wire guide 
attachment. Each head is served by a welding d-c 
generator of the same make. Welds are produced at 
27 v and 370 amp, each weld being 6 7/s in. long. As 
the welds are horizontal and each joins surfaces that 
are nearly vertical, the electrode wires which are °/3 


Fig. 3 Placing a previously butt-welded spring housing 

in the lower dies of a machine that holds the housing while 

a stamped spring seat, held by the upper die, is applied by 
projection welding 


1952 


in. diam are fed through guides so arranged that the 
wire at the are is only slightly inclined above the 
horizontal. Although the welds are classed as of the 
three-o’clock type, the tip of each electrode is actually 
more nearly in a two-o’clock position 

Two men work at each machine. One loads the 
crossmember and two spring housings and clamps them 
ina fixture. He also places a tray just below each joint 
to be welded and uses a scoop to fill the trays with 
granular Lincoln flux to such a level that it will cover 
the arc as the weld is produced. Trays have an are 
shape that conforms to the shape of the weld and keeps 
the flux where it is needed. Flux is not fed continu- 
ously as in most other submerged are welding. 

While the fixture at one side of the machine is being 
loaded, that. previously loaded is in welding position 
where the operator starts the automatic cycle and sees 


Fig. 4 Setup in the machine that automatically are welds 

the two spring housings to the ends of the main cross- 

member. Two Lincoln heads feed the welding wire auto- 

matically as they are swung slowly through an arc of 180 
deg 


Fig. 5 Same setup as in Fig. 4 but with the heads in a 
different angular position. They make three-o’clock arc 
welds. While welding, the tip of the electrode and weld 
head are covered by granular flux (some of which has been 
removed in this view to show parts of the weld heads) 
placed in the trays set just below the welds 
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fig. 6 Completed front crossmember (in inverted posi- 

tion) as /t appears after removal from the spot welding 

machine in the background. This welder joins the cover 
plate to the U-shape channel member 


that the welds are properly made. When he presses 
the start button, each welding head moves down and 
then outward automatically so that the welding wires 
contact the work and strike the ares. Immediately 
the arces are struck, the heads are given a rotary mo- 
tion that causes the arces to follow the joints and pro- 
duce the welds. After each head travels 180 deg it 
retracts and breaks the are as the welds are completed. 

When welds in one setup are completed, the heads 
move to the second setup and repeat a similar cycle. 
While it is in process the operator at the side where 
welds have been completed removes the trays of flux and 
sumps them on a screen to separate out any fluxed 
lumps. He then unlocks and removes the weldment, 
puts a new set of components in place in the fixture, 
locks them, replaces the trays for the flux and refills 
them with sereened flux, so that all is in readiness for 
the next evele. 

In this way the operators load and weld alternately 


and the two welding heads are kept in almost constant 
use, Whereas in most automatic are welders, the heads 
remain idle during loading and unloading periods. 
Flux used at each machine is kept in a small bin beside 
each machine and that sifting through the screen above 
is reused, 

Are welds made in the automatic machines are of 
uniform high quality and are produced at a rapid rate 
They do not complete the attachment of spring hous- 
ings, to the assembly, however, because the remaining 
contour of the housings is irregular in shape and not 
adaptable to automatic welding. Consequently, after 
removal from the automatic machines, the weldments 
are placed on a chain conveyor that carries them 
through booths in which hand are welding is done. 

In each of these booths, one man using conventional 
hand equipment works at each side of the conveyor 
and does welding only on the end of the weldment 
closest to him. Two plug welds are made at each 
end in the first booth and two short side are welds 
in the second booth. Weldments are advanced con- 
tinuously on this line, but chain speed is so adjusted 
that skilled operators have no difficulty in keeping 
pace with the work. 

For the final welding operation on the crossmember, 
the weldments that have passed through the operations 
ilready described are set into automatic spot welders ot 
the type shown in Fig. 6 along with preformed cover 
plates that close the opening across the U-shape por- 
tion of the assemblies. These machines have a series 
of electrodes, some vertical and others set at various 
angles. When the components to be joined are in 
place and clamped, the machine makes the spot welds 
automatically in the required sequence but so rapidly 
that they seem to be made all at one time. 

This completes the welding of the crossmember and 
it is ready for inspection and advance to other depart- 
ments in which suspension and other components 
are applied. 


Portable Incinerator 


TO ONE likes to have an unsightly incinerator in his 
back yard as a permanent fixture. Here is a port- 
*" able one that vou can wheel out of sight when not 


in use. To make it, first thoroughly clean and purge an 
old oil drum.* Then weld an axle to the bottom for a 
pair of wheels. 

Weld a suitable grate about 6 in. above the bottom 
of the drum, and cut an opening—an inch or two below 
the grate-——for draft and removal of ashes. To keep 
hot ashes from blowing, it is a good idea to add a cover 
made from wire mesh or perforated sheet metal. 


* See American Wetpine Soctety booklet A6.0-52, “Safe Practices for 
Welding and Cutting Containers That Have Held Combustibles."’ 
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activities 


related events 


Houston Welding Convention 
and Exposition 


Tuesday June 16, 1952—Friday, June, 
19, 1952 


For more than a decade it has been the 
hope and ambition of many leaders of the 
Welding AMERICAN 


Socery to hold a Convention 


Industry and the 


and position devoted exclusively to 
we lding ind closely allied processes The 
need to include other geographic il centers 
than those so ably served by the Metal 
Congress and Exposition has become in- 
creasingly apparent One of these areas 
is undoubtedly the great Southwest 
rapidly growing in stature to that of an 
Industrial Giant 

Tentative feelers put out as to the best 
location found Houston, Tex , in the fore- 
front as one of the most suitable locations 
to launch this first venture 

The diversified industries in this area 
chemicals, oil, structural, pipe lines, ma- 
rine construction, aircraft, hardfacing and 
many others—furnish the necessary back- 
ground and foundation for the success of 
Shamrock 
Hotel provide s acl quate housing, conven- 


an exposition. The famed 
tion and exposition facilities in comfort- 
able and pleasant surroundings 

Texas with its usual hospitality ind 
knack of getting things done quickly indi- 
cated that it is ready, able and willing to 
do its part to make this first All-Welding 
Convention and Exposition huge success 
The rest is up to the membership of the 


Sociery and to the manufacturers 


We sincerely appreciat 


¢ the valued 


The Exposition is rolling along at an 
unprecedented pace. More than half the 
Exposition space has been spoken for by 
more than thirty exhibitors (November 
Ist others have indieated a definite 
interest 

The National Program and Papers Com- 


mittees have already cany ussed the needs 


of this area and present herewith in broa 
strokes the general outline of the technical 
sessions. Details will be filled in as rapidly 
as possible 

Members desiring to present papers at 
the Houston Meeting should send in their 
suggestions to the National Papers Com- 
mittee. Practical papers and those beamed 
to fit in the needs and interests of the South- 
west will be favored. All suggestions 
must be received by January 15th. 


Tentative Outline of Technical Sessions on 
Which Papers Are Desired 
Varine 


maintenance o 


Structures The welding and 


f drilling platforms and the 
welding of marine oil well casings and other 
marine structures peculiar to this area will 
be covered 


Welding 


aircraft symposium-sty le 


Resistance Symposium (in- 
cluding 
session with carefully planned short prac- 
tical papers, including spot and projection 
welding, will be arranged under the aus- 
pices of the Technical Activities Commit- 
tee 

Welding 
Seam and Flash Welding will be arranged 
Activi- 


tesistance Symposium on 


under the auspices of the Tex 


ties Committee 


ipport, assistance and guidance of all 


ing and allied industry throughout the year, and extend our hearty wishes that you may enjoy a very 


merry christmas 


anda 


happy uriw year 


Welding High Strength Pipe Lines: Pap 
ers desired 

Structural Welding: One of the most 
progressive areas in the United States 
in so far as the application of structural 
welding is concerned is the State of Texas 
Titanium The Army 
Ordnance will present additional research 


Welding of 


and applied papers in this field. 
Hard Facing and Metallizing: 
in these fields are particularly requested 


Papers 


by this region and suggestions for inter- 
esting papers will be welcomed. 
Inspection Methods 
destructive testing was suggested by the 
Houston district and 
papers in this field wil] be welcome. 
Welding Grade Steel 
sion, forum or symposium on the charac- 


A session on non- 
Suggestions lor 
A technical ses- 


teristics of steel for welding was considered 
to be one of the most worth-while sub- 
jects. It was suggested that short papers 
on pipe-line steel, structural steel, pressure 
vessel steel, and the effect of material 
characteristics when welding under vari 
ous climatic conditions should be sched 
uled. This would be followed in the after 
noon by an open discussion from the floor 
on the whole subjec t These sessions will 
be under the auspices ol the Technical 
Activities Committee 

Human Element in Welding: Papers in 
this field are desired 

Welding of Equipment fo 
Low- and High-Temperature Service: Sug 
gestion was made that papers on the weld- 


Chemical 


ing of aluminum, stainless and chrome 


members and the weld 
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moly would be well received in the South- 
west. 

Inert Gas Welding: The Southwest de- 
sires a whole session be devoted to this 
subject and that at least one paper on 
welding mild steel should be included. 
Suggestions for papers are desired. 

Miscellaneous: Papers are desired on 
furnace and induction brazing, welding 
of tankers for maintenance against corro- 
sion, fabrication of pipe including resist- 
ance welding, and the effect of preheating 
and postheating when welding structures. 


Other Features 


Plant Tours: 
will be arranged. 

Entertainment Tour of Ship 
Channel — possible boat trip to San Jacinto 
Inn for ladies and bus tour of Ship Channel 
industries for men, with cocktail hour and 


A number of plant tours 


Tour: 


Gulf seafood and chicken dinner at San 
Jacinto Inn as climax. 

Guest-Room Facilities: All guest rooms 
and suites are “outside’’ rooms, with tub 
and shower, are individually decorated 
and contain custom-built furnishings. 
All are equipped with wall-panel button 
radio control and Muzak, and with in- 
dividual air-conditioning controls. One- 
room suites, called Doublettes, and parlor 
and bedroom suites, carry the same rate 
for one or two persons. Forms for reser- 
vations will be mailed January 15th and 
assignments made by the Housing Com- 
mittee by March 15th. 

Restaurants: In addition to the evening 
supper clubs (Emerald and Shamrock 
Rooms), there are the Pine Grill and Aqua- 
tic Terrace for all meal service—breakfast, 
lunch and dinner. Breakfast from $1.00 
up; luncheon $1.75 up; dinner $2.75 up. 


ARC WELDING ACCESSORIES 
feature the welding cable connected by the 


A CADWELD Connection 


§ 
Has No Equal! It Is... 


mode with inexpensive 


equipment — No special skill required 


| Fast Requires no preparation of cable 


other than stripping of insulation. Time required 
to make weld less than one minute 


equal to the cable. Tensile strength equal to soft 
drown copper. No damage to insulation when 
properly applied 


| PERMANENT | Not subject to the gradual loos- 


ening or 


d of h | joints. Not 


ged by 


| COMPACT | Weld area is not over |” long 


ON 


CATALOG 
REQUEST 


” ~ 
CADDY arc weivinc accessory pivision 


ERICO PRODUCTS, INC. + 2070 E. 61st PLACE + CLEVELAND 3, OHIO 
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Society Activities and Related Events 


Recreation and Entertainment: Hotel 
provides outdoor swimming pool, aquatic 
terrace, tennis courts, putting green, 
music department of Dixieland Band, 
Hillbilly Orchestra, Strolling Guitar 
Player, Shamburger provision, 
specialty stores. 

To Exposition: Lobby of Hotel is at 
ground level, same as Hall of Exhibits, 
connected by covered (enclosed) walkway 
to Hall. One-half minute from Hote! 
Lobby to Exposition front entrance. 
Houston has 3435 air-condi- 
tioned guest rooms in its many first-class 
hotels and 286 in its deluxe motels. For 
those not desiring guest accommodations 
at the Shamrock, and for overflow beyond 
Shamrock capacity, arrangements will be 
made through the Houston Chamber of 
Commerce, or direct, for placement in 
order of preference and available accom- 


picnic 


Overflow: 


modations. 


Fourth Meeting 
Board of Directors 


The Fourth Meeting of the vear of the 
Board of Directors was held in Room 127, 
Hotel Statler, New York, N. Y., on 
Tuesday, Aug. 26, 1952, at 10 A.M., with 
the following in attendance: 

Members: Chairman C. H. Jennings, 
F. L. Plummer, R. 8. Donald, L. C. 
Bibber, T. J. Crawford, A. F. Davis, 
LaMotte Grover, H. L. Ingram, Jr., 1. A 
Oehler, H. E. Rockefeller and J. R. Stitt. 

Staff: Secretary J. G. Magrath and 
Assistant Secretary F. J. Mooney. 

Guests: G. O. Hoglund, Chairman, 
National Program Committee; G. Van 
Alstyne, Member, Special Committee on 
Annual Meeting; J. Landau, Auditor. 


Nominating Committee Procedure 

The 
Fraser at the Executive Committee meet- 
ing on June 12, 1952, that the Board of 
Directors consider the present By-Laws in 
regard to membership on the National 
Nominating Committee dis- 
cussed. These By-Laws are so written 
that they do not exclude the possibility 
of a nominated officer or a member of the 
Board from serving on the National 
Nominating Committee concurrently. Mr. 
Fraser recommended that provision be 
made for the retirement of the officer from 
one or the other office, preferably his 
office on the Nominating Committee. The 
attending that the 
best procedure would be that Mr. Fraser's 
recommendation be tendered to the By- 


recommendation of O. B. J 


was now 


members believed 


Laws Committee as a suggestion for their 
consideration in their review of the total 
revision of the Society’s By-Laws, an 
assignment given to them by the Execu- 
tive Committee at an earlier meeting. 
API-AGA Joint Committee Action 


The TAC withdrew membership from 
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we sold, to date, 102,396 
of this new model torch... 
and of a prior model over 150,000 


it uses either 
oxygen or com- 
pressed air 
with any of the 
useable fuel 
gases—city and 
natural gas, 
propane and 
butane or 


acetylene. 


just select the 
proper tip type 


and sizes 


it gives you a 
needle point or 


brush like flame 


This new £G08@Z Torch offers many advantages — it is always cool to the touch because 
of its smooth, long lasting plastic handle. The blowpipe is designed to be used with either 
compressed air or oxygen and any of the useable fuel gases. It will produce a brush like 
or a needle point flame. The three tips are easily exchangeable. Clear operating instruc- 
tions are on the box as is also an understandable replacement parts list. You will like the 
reasonable price and the fine performance of this torch. It is made by one of the oldest 


welding equipment companies. 
/ 


*The word ‘‘Koolite’’ is a registered trade-mark. 


Price - - - 
with three tips 


and wrench 


only $50 


Made by / WELDING EQUIPMENT CO., 
/ 


San Francisco 5, California 


SINCE 1910 


DeEcEMBER 1952 


sat 
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an API-AGA Joint Committee on Oil 
and Gas Pipe Line Field Welding Practices 
that Committee, despite the 
protests of two of its members appointed 
by AWS, approved a standard which, 
the opinion of AWS representation, was 
inadequate and possibly harmful. The 
Secretary of TAC accordingly had offi- 
cially, for TAC, so advised the Chairman 
of the foregoing Committee. A member 
of the Socrery’s Executive Committee 
questioned if it was not advisable that 
the Board of Directors send a letter to 
the API supporting the action of TAC and 
strengthening the impression that the 
AWS was in protest to the API-AGA 
joint decision. After discussion in regard 
to whom such a letter should be sent, it 
was agreed by all that the best procedure 
would be for the Socrery’s Secretary, 
acting for the Board of Directors, to send 
a letter to R. G. Strong, Chairman of the 
API-AGA Joint Committee on Oil and 
Field Welding Practices, 
confirming and approving the action taken 
vy TAC and sending a copy of that com- 
munication to the Secretary of API. The 
Secretary was advised to consult with 
TAC on the preparation of context of 
letter. 


because 


Gas Pipe Line 


Action: Upon motion, duly seconded, 
the Board of Directors ratified action 
taken by TAC and approved the fore- 
going procedure for the Secretary. 


National Officer Selection 


A. F. Davis recorded a complaint that 
he received from at least four different 
people in the Cleveland area to the effect 
that National Officers of the Socrery 
were not being picked from users of weld- 
ing. The complainees felt that officers of 
the Soctery should not be chosen from 
companies having a commercial interest 
in selling the welding processes. Mr. 
Davis, member of the Board of Directors, 
stated that he coneurred in the feeling of 
the complainees. The Sociery’s Secre- 
tary observed that in the order of our 
By-Laws, all members of the Socrery 
excepting the C and D classifications 
(Associate and Student Members) are 
eligible for national office regardless of 
occupation and that such a move would 
require a change in the By-Laws which, 
in turn, would require submission to the 
membership for vote. 
and generally it was the feeling of the 
balance of the members attending that the 
individual’s occupation should have no 
bearing whatsoever upon his eligibility for 
It was also observed 
that in the course of the Socrery’s 
Presidential Chair history, there 
not more than five or six presidents of the 
Soctery who had been connected with 
companies sold welding products. 
In the greater majority, the Presidential 
Chair has been occupied by representatives 
No action was taken 


Discussion followed 


national officership, 


were 


who 


from user industry. 
on this item. 
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1953 Spring Meeting 


The Secretary reported on activities to 
date since the last Board of Directors’ 
and Executive Committee meetings. He 
advised that he had engaged the facilities 
of the Shamrock Hotel and Shamrock 
Hall of Exhibits in Houston, Tex., for 
the purpose of the Socierry’s holding a 
National Spring Meeting and a National 
Welding and Allied Industry Exposition 
on a modest seale, on the dates June 16- 
19, 1953. He received approval from 
the Fire Department to permit the use of 
oxy-acetylene and electric welding demon- 
strations in the Hall of Exhibits. He 
recommended providing the Secretary the 
assistance of an action committee with 
personnel located in New York, which 
would allow him to proceed under their 
direction with further preparation activi- 
ties and the production of putting on 
an Exposition. The Secretary advised 
that industry in September would begin 
preparation of budgets for the forth- 
coming year and it was essential that 
industry immediately receive notification 
of this forthcoming event so that they 
could prepare for such in their budgets for 
1953. Accordingly, he has prepared a 
rough draft of a circular which is to be 
sent to all industry. He submitted 
copies of draft to the attending members 


of the Board for their review. The 


Secretary also submitted rough figures ol 
estimated attendance, expense and in- 
come, and requested that the Socrery 
underwrite this activity for $5000, such 
monies to be provided from the surplus 
of income over expense during the 1951 

52 fiscal year, as indicated in the report 
of the Finance Committee based upon 10- 
month operation. He asked that the 
action committee be given full power to 
make any required decisions even to the 
extent that should their findings indicate 
that it would be advisable to again consider 
the farming out of the management of this 
activity to an agency, they would have the 
power to do so. In the discussion follow- 
ing, it was agreed by all attending mem- 
bers that the time had come for the 
Socrery to take this step which would 
serve the welding industry in areas not 
heretofore served by the National Meta! 
Exposition. It was the genera! feeling 
of the attending members that in no way 
did the proposed activity at Houston 
interfere with the Western Metal Congress 
and Exposition which will be held in 
March 1°53 in Los Angeles, with the 
Nationa! Metal Congress and Exposition 
which will be held in October 1953 in 
Cleveland, and that the decision by Mr. 
Eisenman to hold a Southern Metal Con- 
gress and Exposition in Houston in March 
1954 likewise did not affect our proposed 


plans for an All-Welding and = Allied 


FOR LONGER-LASTING RESULTS 
QUICKLY ACHIEVED... 
Repoint 
WORN SHOVEL and DIPPER TEETH 


U.S. Patents 1,876,738 - 


work-hardens to 550 Brinell . . . 


Society Activities and Relaied Events 


QUICKLY ACHIEVED — Worn teeth repointed 
with Manganal Wedge Bars almost eliminate 
build-up time. 


1,947,167 - 2,021,945 


11% —13%% MANGANESE-NICKEL STEEL 


WEDGE BARS 


LASTING RESULTS — Manganal Wedge Bars 
are made of the toughest metal known. . . 
minimizes im- 
pact and abrasive wear . . . outlast new teeth. 


INEXPENSIVE - Longer- 
lasting results combined 
with speed of application 
make Manganal Wedge 
Bars your best buy. 


FREE 


Literature on latest 
methods for speedy 
and economical repair 
of worn equipment 
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PROPER DESIGN 
IN WELDED STEEL 
IMPROVES PRODUCT 
LOWERS COST 


. only 
@ saving of 


- $9.71.. 


maximum economy uses standard steel 


shapes whenever possible. Weight. . 


gray iron used steel tube for column. Top 
47 pounds. Cost 
$12.87 per unit. 


and bottom members required milling and 
drilling. Weight, 54 pounds, Cost, $22.58. 
CUTS COSTS 57% 


Fig. 1. Machine Stand originally made from 
Fig. 2. Present Welded Stee! Design for 
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Machine Design Sheets available on request. Designers and Engineers write on your letterhead to Dept. 912 


THE LINCOLN ELECTRIC COMPANY 


Cleveland 17, Ohio 
THE WORLD'S LARGEST MANUFACTURER OF ARC WELDING EQUIPMENT 
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Industry Exposition in Houston in June 
1953. Discussion was held in regard to 
the rental fees to be charged for space and 
it was finally agreed that the rental fee as 
provided on the Secretary’s proposed first 
publicity release, which was in turn recom- 
mended by one of the potential large 
exhibitor’s Advertising Director, was 
satisfactory. It was recommended by the 
attending members that a terminal date 
be established for return of advance 
reservations and that the initial publicity 
should carry that terminal date. In 
further discussion, Oct. 15, 1952, was 
established as the terminal date for 
advance reservations. On the basis of 
suggestion by the Chairman, actions were 
taken in the order following 

Action: (a) Upon motion, duly sec- 
onded, it was voted that the Socrery 
should conduct and manage its own 
Exposition without the assistence of an 
outside agency. 

Action: (b) Upon motion, duly sec- 
onded, it was voted that the Secretary 
immediately proceed to send out the first 
publicity release to the welding and allied 
industry. 

Action: (c) Upon motion, duly sec- 
onded, it was voted that the Socrery 
underwrite this activity to the extent of 
$5000, such monies to be taken from the 
1951-52 surplus, if necessary. 

Action: (d) Upon motion, duly see- 
onded, it was voted that an “action’’ 
committee be appointed by the Chair. 


Budget Approval 


Proposed budget of income and expense, 
as previously submitted to the Board of 
Directors, showed a net expense over in- 
come of $4883.50. On the basis of the 
Sociery conducting a Welding and Allied 
Industry Exposition in the spring of 1953, 
it was felt that the income to be derived 
from this activity should exceed expenses 
incurred and on this basis the Board of 
Directors instructed the Socrery’s auditor 
to provide for income and expense items 
resulting in a balanced budget for the 
1952-53 year. 

Action: Upon motion, duly seconded, 
budget of income and expense for the 
1952-53 fiscal year was approved in the 
order of the auditor’s balancing said 
budget as so recommended. 


East Texas Section 

The Assistant Secretary advised that a 
group centered about Longview, Tex., 
with a nucleus at LeTourneau Institute 
and various East Texas oil industry or- 
ganizations, has accomplished the enroll- 
ment of 50 AWS members and formally 
requests authority to operate as the East 
Texas Section of the Soctery beginning 
Sept. 1, 1952, having made all necessary 
steps for the establishment of a Section. 

Action: Upon motion, duly seconded, 
the Board of Directors so approved. 


By-Law Amendments 
The Secretary advised that the letter 


IN THE RED DRUM 


EFFICIENT 
ECONOMICAL 
DEPENDABLE 


FOR WELDING and CUTTING== 


ballot on the last proposed AWS By-Law 
amendments, as issued on Apr. 25, 1952, 
and as a result of previous action taken 
by the Board of Directors, resulted in a 
return of 1781 ballots. This total con- 
sisted of 1666 blanket approvals; 14 
blanket approvals with comments; 64 
disapprovals in part or in whole; 37 with- 
out signature or failed to check either 
approval of disapproval which were there- 
fore disqualified. The By-Laws provide 
that amendments shall be adopted at the 
expiration of 60 days after mailing ballots, 
unless rejected by at least 20% of the 
eligible voting membership. The fore- 
going returns totaled (after deduction of 
disqualified ballots) 1744. For rejection 
there would have been required 349 dis- 
approving ballots. Accordingly, on the 
basis of the By-Laws, the amendments 
are approved by the membership. The 
Secretary observed that several ballots 
were returned indicating disapproval of 
sending out letter ballots to the member- 
ship for this type of decision. It was 
expressed by the members that this was 
a waste of the Socrery’s money and the 
members’ time and that some of these 
decisions should be left to the Board of 
Directors. At the previous meeting of the 
Executive Committee and that Committee 
voted to ask the By-Laws Committee to 
review our By-Laws on the basis of pro- 
viding rules of procedure which would allow 
changes to be made by the Board of 
Directors. 


Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


NATIONAL CARBIDE COMPANY 


A Division of Air Reduction Co., Inc. 


60 E. 42nd St. New York 17, N.Y. 
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Double and Triple weight coils for 
automatic welding with the new 
REID-AVERY (free wheeling) REELS for 
Submerged Arc, Open Arc, and Gas 
Shielded Arc Welding 


Decrease down-time by using larger coils. Machines now equipped tor 
25 lb. coils can use up to 75 lb. coils with these new reels. 


These cast aluminum alloy reels ride on ball-bearing 
trunnions with deep flanges. The wire uncoils with remarkable 
ease and yet there is no chance of overrunning and throw- 
ing loops over the side. No brakes or drags of any kind are 
necessary. The wire itself prevents overrun. These ‘‘free 
wheeling’ reels provide the absolute minimum load on the 
automatic welding machine. 


Raco Reel for 150-2004 coils with floor 
mounting stand. 


The Reid-Avery reels are available with stands for floor 
mounting or with special spiders for direct attachment to 
most popular automatic welding machines. Three reels 12" 
ID x 4” wide, 14” ID x 6” wide, and 25” ID x 4” wide 
nominal size are in stock for prompt delivery. 


Raco Reel for 25#-50+-752 coils. Mounted 
on popular submerged arc machine. 


Note the simple split reel construction with suitcase 
type latches. Coils can be replaced in seconds and no 
wrenches or special tools are required. 


We are equipped to supply all sizes of layer wound coils 
for these reels, for other reels, or on expendable wooden 
spools where required. 


Raco Reel shown split 
for loading. 


AVERY COMPANY 
INCORPORATED 
DUNDALK + BALTIMORE 22 + MARYLAND 


SINCE 1919 PRODUCERS OF ARC WELDING ELECTRODES AND WELDING RODS 
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Machine Gas Cutting Film 


“Burning Blades,”’ a new three-reel 
Kodachrome sound motion picture, just 
completed by Air Reduction, was shown 
for the first time at the National Metal 
Exposition. 

This film covers in detail the application 
of machine gas cutting to modern indus- 
try. It shows how this equipment can 
accurately cut intricate shapes in steel 
plate or slice through a 5-ft chunk of steel 
scrap. Among the machines shown in 
operation is Airco’s new No, 50 Travo- 
graph 

The oxy-acetylene torch is shown at 
work in shipyards; in manufacturing 
plants cutting electronic parts, structural 
pieces and machinery components; and in 
steel mills reducing large pieces of scrap to 
the proper size for use in making steel. 
Showing time: 29 min. 


Piping Code 


A safety code for gas pipe lines and dis- 
tribution systems—covering material, de- 
sign, fabrication, installation, testing and 
has just been approved by the 
American Standards Assn., 70 E. 45th 
St., New York 17, N. Y. This document 
is the new Section 8 of the American 
Standard, Code for Pressure Piping, 
B31.1-1951. This new section, designated 
as B3l.le-1952, is a consolidation of 
those parts of the existing Code for Pres- 


operation 


sure Piping pertaining to gas piping. 

Section 8 of the Code for Pressure Piping 
was prepared and published separately 
as a guide in the construction of pipe lines 
for gas transmission and distribution to 
meet a current need in connection with 
the construction of cross-country gas pipe 
lines. The separate publication eliminates 
the necessity for cross-referencing to other 
The new Section 8, 
whose technical requirements are identical 
with those in the code, will be included as 
the last section in future editions of the 
Pressure Piping Code. 


sections of the code. 


Chairman of the subcommittee which 
consolidated the new section is Frederic A. 
Hough, Vice-President, Southern Counties 
Gas Company of California, Los Angeles. 
Subcommittee No. 8 has a membership of 
52 representatives of gas transmission and 

as distribution companies; 
panies; valve and fitting companies; 
independent research groups; technical 
universities; consulting engineers; and 
government agencies. 


pipe com- 
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The new standard has chapters dealing 
with piping components, pipe joints, 
fabrication details, and requirements after 
installation, and the final chapter consists 
of tables and illustrations. 

In developing Section 8 for separate 
publication, the subcommittee reviewed 
specifications and codes already formu- 
lated or in the process of preparation by 
other agencies, and drew upon the re- 
sources of the technical groups represented 
in its membership. The major considera- 
tion of the group was the public safety 
aspect of the specifications. 

Sponsoring organization for the Section 
8 code is the American Society of Me- 
chanical Engineers, 


Awards Made for 
Welded Bridge Designs 


The James F. Lincoln Are Welding 
Foundation of Cleveland, Ohio, has an- 
nounced awards in its 1952 bridge design 
competition, Welded Bridges for Steel 
Conservation. A. F. Davis, Foundation 
Secretary, stated that the Award Program, 
sponsored to encourage the creation of 
bridge designs which conserve steel, at- 
tracted designs from the foremost bridge 
designers in all sections of the country. 
Designs showed an average saving in steel, 
made possible by welded construction, of 
approximately 20%. 

First Award of $7627 went to Elwyn H 
King, Long Beach, Calif., whose welded 
design of a 7-span deck girder bridge in- 
dicated a saving in steel of 24% over what 
was actually used in erecting the bridge by 
riveting. 

Kiser Dumbauld, of the Ohio State 
Highway Department, received Second 
Award of $3635 for his redesign of one of 
the State’s bridges. His welded design 
indicated that a saving in steel of 18% 
would have been made if the bridge had 
been welded. Dumbauld has received 
main awards in two previous design pro- 
grams sponsored by the Foundation. 

Third Award of $2078 was shared by 
Thomas Kavanagh, of New York Univer- 
sity and Leo Coff, New York Consulting 
Engineer. Kavanagh has recently been 
made Head of the Department of Civil 
Engineering at New York University, and 
this award is the third time he has been 
similarly honored by the Foundation in 
bridge design programs. The welded de- 
sign created by Kavanagh and Coff showed 
a steel savings of 21%. Ten Honorable 
Mention Awards were also made. 


News of the Industry 


Dumbauld, Second Award winner, in a 
discussion of his design, stated that if weld- 
ing were used in bridges in place of rivet- 
ing, approximately 73,000 tons of steel 
would be saved every vear in the bridge 
work on all public roads, streets and high- 
ways. He also said that in 1952, weld- 
ing would have saved 40,000 tons of 
the NPA allotment of steel to the Bureau 
of Roads. 
government figures of planned and in proc- 
ess bridge work. 

The Foundation has published two 
books presenting the significant results of 
the work its award programs have stimu- 
lated and is planning a third based on the 
Several bridges 


His estimates were based on 


competition just closed, 
based on award designs have already been 
or are being erected, notably in the State 
of Washington and in Mexico. More 
states appear to be adopting welding be- 
cause of its weight and cost saving ad- 
vantages. The states of Connecticut, 
Texas, Kansas, California and, recently, 
New York are among those who have 
started welded bridge construction. 


Steel Ribs 
for a Heavyweight 


The largest 3600-rpm generator ever 
built is being shipped from the General 
Electric turbine plant at Schenectady to 
the Joppa, Ill, generating station of 
Electric Energy, Inc. Welders are shown 
joining ribs and sides of a section of the 
stator of the unit. 

Formed by five other Mid-Western 
utilities, Electric Energy, Ine., will 
supply electric power to the Paducah, 
Ky., plant of the Atomie Energy Com- 
mission which is now under construction 
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The right low-hydrogen 
electrode for your job! 


JOLA-2 (E6016, E7016) 
General-purpose electrode for high-carbon, 
low-alloy, high-tensile, and high-sulfur free- 
machining steels. 

7OLB (E7016) 

For repair welding of Grade B and other cast- 
ings of similor analysis. 

P&H .25C (E7016) 

For castings repair where high carbon is pre- 
ferred to alloys for raising tensile strength. 


(E8016 
For 2% to 3% nickel steels, both cast and 
rolled. 
SOLE (E8016) 
For chrome-moly power piping and fittings. 
(E9016) 


For higher-onalysis chrome-moly power piping 
and fittings 
40C (E9015) 

For .40 carbon castings and rolled steels 
where you want to match both chemical and 
mechanical properties. 

AW2B (£9016) 
For repair welding of cast armor, 
sis steels, rerolled rail steels, 
sulfur steels 

P&H #7 (E9016) 
For repair welding of Grade C and other cast- 
ings of similar analysis. 

9OLH-2 (£10016) 
For alloy steels, such as SAE 8630, 4130, and 
compcrable types where the weld meta! must 
motch the heat-treating properties of the 
porent metal 

P&H 12 (£10016) 
For difficult fabricating jobs involving high- 
tensile and alloy steels with little or no 
preheot. 

P&H #17 (£12016) 
For high-hordenable steels subject to high 
impacts through ao wide tempercture range. 

P&H #21 (£15016) 

For aircraft and similar steels, 

and 4130. 


off-analy- 
and high- 


such as 4340 


.... and get high-strength welds 


“ey 


that are free of underbead cracking 


P&H has the most complete 
line of low-hydrogen electrodes 
in the industry — many “cus- 
tom-made” to match the chemi- 
cal analysis or heat-treating 
properties of a variety of alloy 
steels. This wide selection 
eliminates the difficulties in 
welding problem steels, such as 
high-sulfur free-machining, 
high-carbon, low-alloy, and 
high-strength steels, 

The core wire of these elec- 
trodes is of a mild steel or a low 
alloy, thereby greatly reducing 
the cost of the low-hydrogen 
electrode, as compared to the 
higher-alloy types. 

The coating ingredients of 
these P&H electrodes are min- 
eral- and also hydrogen-free, 
with low moisture content, This 


dust off the press — mew bulletin on 
P&H Low-Hydrogen Electrodes! Send 
coupon for your free copy. 


WELDING DIVISION 


HARNISCHFEGER 
CORPORATION 


4551 WEST NATIONAL AVENUE 
MILWAUKEE 46, WISCONSIN 
Power Shovels © Crawler and Truck Cranes @ 
Overheod Crones @ Hoists @ Arc Welders and 
Electrodes @ Soil Stabilizers @ Diesel Engines 

Pre-Fabricated Homes. 


eliminates underbead cracking 
and permits the welding of 
“difficult” steel with little or 
no preheating. 

Other important advantages 
are: Better impact properties 
through a wider temperature 
range; Greater ductility at high 
tensile strengths; High-quality 
X-ray; As-welded properties 
that approach values ordinarily 
obtained only after stress re- 
lieving; More accurate control 
of alloying elements; No need 
for annealing before enamel- 
ing; Higher heats for higher 
deposition rates. 

Get better welds on “diffi- 
cult” steels — cut your costs. 
Get P&H Low-Hydrogen 
Electrodes from your P&H rep- 
resentative or local distributor. 


wealear out coupon and mail today! a. 


' 
HARNISCHFEGER CORPORATION 
§ 4551 W. Notional Ave., Milwaukee 46, Wis. § 
Send me Bulletin R-26 on P&H 
' low-Hydrogen Electrodes 
§ Name 
8 Position 
Company 
Address 
' 2428 
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GOUGE and CUT 
ANY METAL 


—with only carbon arc 
and compressed air! 
HE NEW Arcair* method 


is now saving thousands 
of manhours, cutting operating 
costs for materials up to 80%, 
and solving many metal re- 
moval problems for progres- 
sive fabricators, foundries and 
other users. 


Originally designed for goug- 
ing stainless steel, the Arcair 
Torch has found wide applica- 
tion among fabricators using 
all types of ferrous and non- 
ferrous alloys. In. foundries, 
the Arcair method is being 
applied with notable success 
to gouge defects and to remove 
unwanted metal. Maintenance 
of mine, quarry, railroad, con- 
struction and plant equipment 
provides other profitable uses. 


The unique Arcair TORCH, 
with its air control valve, 
self-aligning rotating jet and 
concentric cable is all the 
equipment needed 


complete at just $87.50 

Prove its savings in your own plant 

Write today for 
literature and name 
of nearest dealer. Dem- 
onstration in your plant can 
be arranged in most areas, 


*Traljemark 


2614 Burwell Street BREMERTON, WASH 


Using a new G-E Alloy, Cond-Al, in 
field windings, the four generators of this 
type now on order will be in operation in 
1954. Each has a rating of 216,000 kva. 


New Film Shows Applications 
of Metallizing 


A new 16-mm sound film in full color, 
recently completed by Metallizing Engi- 
neering Co., Inc., Long Island City, 
N. Y., describes the metallizing process 
and shows a wide range of practical appli- 
cations as reported by many users through- 
out industry. Every scene in the film is 
taken in the plant of a metallizing user. 
Maintenance departments are 
metallizing worn or damaged machine 
parts of many different kinds. Users 
describe actual savings made possible by 
reduced repair costs, reduction of down- 
time spent waiting for replacements and 
simplification of spare part inventories, 
The film also pictures how thin coatings 
of comparatively expensive metals on 
ordinary base metals provide desired 
service characteristics at very low cost. 
The latest methods of surface preparation 
are demonstrated, as well as the use of 
metallized aluminum and zine for the 
protection of iron and steel equipment and 
structures against corrosion. 

The film opens with the observation 
that most industrial maintenance men 
would profit from a tour of plants through- 
out the nation, but since that is imprac- 
tical, the film has been designed to do a 
thorough reporting job in its place. It 
shows a wide range of actual metallizing 
work being done on worn and damaged 
cracks, shafts of various kinds, 
diameters of different parts, press fits, all 
being restored to service with the metal 
spraying process. 
strated in a large steel mill involves the 
restoration of backup rolls which cost 
$125,000 each to replace if new rolls have 
to be purchased, 


shown 


inside 


One of the jobs demon- 


Included among the applications for 
corrosion protection are storage tanks, 
bridges and trestles, degreasers and other 
steel work. One sequence shows the 
crack streamliner of the Missouri-Pacific, 
the ‘‘Sunshine Eagle,’”’ with 85,000 sq ft 
of underframes sprayed with pure alumi- 
num for protection against 
Power capacitor cases are shown being 
sprayed with pure zinc, a process that has 
replaced paint for many years on the 
Westinghouse production line. 


corrosion. 


Suitable for presentation to industrial, 
professional and educational groups, the 
purpose of the film is to promote a 
broader understanding of metallizing, to 
explain the principles on which it operates 
and to demonstrate its practical uses and 
profitable applications throughout indus- 
try. Running time: 28 min. For fur- 
ther information, contact R. J. MeWaters, 
Metallizing Engineering Co., Inc., 38-14 
30th St., Long Island City 1, N. Y. 


News of the Industry 


New Aircomatic Film 


“Tool of Many Uses,’ a new Koda- 
chrome sound motion picture film just 
completed by Air Reduction, was pre- 
miered recently at the National Metal Ex- 
position. 

This new picture documents more than 
a dozen actual case histories of production 
line application of this newest welding 
The film ineludes aluminum 
welding operations on materials ranging 
from '/s in. up to one full inch in thickness. 
It also shows aluminum welds 2 in. long 
that required only 7 sec to make, and 
aluminum build-up work in which 10 lb of 
metal were deposited in an hour’s welding 
time. Copper welding shown in the pic- 
ture includes one of the largest welded 
copper vessels ever built as a production 
item, aluminum bronze gear blanks 3 ft in 
diameter for marine use and other demon- 
strations of the versatility of the Airco- 
matic process. Both automatic and man- 
ual welding are shown in use on stainless 
and mild steel for a number of applications. 
Showing time: 18 min. 


process, 


Engineering Awards 


The results of the fifth Annual Engi- 
neering Undergraduate Award and 
Scholarship Design Program have been 
announced by The James F. Lincoln Arc 
Welding Foundation of Cleveland, Ohio 
Engineering undergraduates in 23. dif- 
ferent schools have been given national 
engineering recognition and awards total- 
ing $5000. Scholarship funds of $1750 
have also been awarded to three schools 
in honor of the first three award winners. 
Awards were made for the best designs 
of machinery and structures stressing the 
value of are-welded consiruction. 

First Award of $1129 went to Richard 
Cheverton and Thomas Musslewhite of 
Georgia Institute of Technology for their 
joint design of a subcaliber mount for a 
recoilless rifle. Army officials have ex- 
pressed interest in the design which per- 
mits mounting a .22-caliber barrel on a 
75-mm rifle for training purposes. In 
honor of the students, the Department of 
Mechanical Engineering of Georgia Tech 
received $1000 in scholarship funds. 

Merle Geoffrion, as an undergraduate 
in the Civil Engineering Department of 
the University of Delaware, received the 
$564 Second Award for his design of a 
highway bridge. His Department re- 
ceived in his honor a scholarship fund of 
$500. 

Third Award of $282 went to Robert 
Murray, a student in the Department of 
Architecture of Rensselaer Polytechnic 
Institute. His school also was awarded 
$250 in scholarship funds. Murray made 
an analysis to determine the economic 
span lengths of standard sections. 

The program is sponsored annually by 
the Foundation to encourage engineering 
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Your local Alcoa Distributor is a good man to know when 
new rearmament contracts require that you teach inexperienced 
workers how to weld and braze aluminum. 

Through him you are offered the world’s most complete 
technical library on joining aluminum—“How-To-Do-It” movies, 
plus copies of a 186-page book covering all welding processes. 
You'll find your local Alcoa Distributor listed under 


“Aluminum” in your classified phone book. Or write: 


ALUMINUM COMPANY OF AMERICA 
1944M Gulf Building 2 Pittsburgh 19, Pennsylvania 
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_PROTECTION 


is DOCKSON 
GOGGLES 


BE SAFE against sparks, dust 
particles, chemical splash and 
fumes, glare and injurious rays 
with DOCKSON GOGGLES in 
more than 20 models and a full 
line of modern lenses for all 
hazards. 


BE COMFORTABLE with smooth- 
sitting DOCKSON GOGGLES. 


Excess weight is engineered out. 


BE ECONOMICAL, get longer 
use from DOCKSON GOGGLES. 
“BUILT FOR BETTER SERVICE”. 


THERE 1S A DOCKSON DISTRIBUTOR 
NEAR YOU — Let us send you his 
name and our complete catalog of 
DOCKSON HEAD AND EYE 
PROTECTION. 


students to study the possibilities of are 
welding as an engineering too! for improv- 
ing the quality of machinery and struc- 
tures of all kinds while reducing costs. 
The sixth annual competition, now being 
sponsored, closes on June 29, 1953. All 
registered undergraduates are eligible to 
compete. 

A. F. Davis, Secretary of the Founda- 
tion, states that in order to encourage 
participation by all engineering under- 
graduates, in whose hands future engi- 
neering rests, the rules of the program 
have been considerably simplified to avoid 
conflict with regular school work and 
the restrictions of time. The new rules 
booklet is available from the Foundation, 
Cleveland 17, Ohio. 


De-STA-Co Clamps Maintain 
Holding Pressure at 500° F 


Brooks and Perkins, Inc., Detroit, 
Mich., have adopted De-STA-Co Toggle 
Clamps as part of their s‘ress relief fix- 
tures for magnesium assemblies. Speci- 
fications of an army order on radar cabi- 
nets require stress relief of all extruded 
sections that are welded together to pre- 
vent the development of weld cracks in 
service. Distortion of the cabinet sec- 
tions would disrupt the delicate electronic 
equipment of the radar sets making them 
useless. 

When the extruded sections have been 
welded together with the equipment 
mounting blocks, and angle plates, the 
assembly is fastened to the fixture. Then 
it is rolled into a furnace where the tem- 
perature is brought up to 500° F for | hr 


before allowing to cool. The high tem- 


peratures have caused cracks to develop 
in the asbestos backing of the fixture but 
the clamps have retained their snap- 
action holding pressure. 

After the radar console cabinet is com- 
pleted, it is again placed in the furnace 
for additional] stress relief before shipment 
to its destination. The De-STA-Co Tog- 
gle Clamps are manufactured by the 
Detroit Stamping Co., 322 Midland Ave., 
Detroit 3, Mich. 


50-Year Index to ASTM 
Technical Papers and Reports 


This 50-Year Index provides a detailed 
author and subject index to all the ASTM 
technical papers and reports dealing with 
materials, particularly their properties and 
testing, appearing in ASTM publications 
covering the period from 1898 through 
1950. From 1898 to 1902 the Society 
was known as the American Section of the 
International Association for Testing 
Materials. In 1902 the Society obtained 
its charter and was reorganized as the 
American Society for Testing Materials 

This index is intended to make readily 
available to the materials technologist, the 
researcher, the librarian, and all others 
concerned with the fields covered, per- 
tinent information on a particular subject. 
Every effort has been made, after con- 
sultation with many users of indexes, to 
make available a ready means of locating 
information relative to a particular subject 
(or author) with a minimum expenditure 
of time and effort, without making the 
index too unwieldly. 

The index is concerned basically with 
technical papers which have appeared in 
Proceedings, ASTM Bulletin, Special Tech- 
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| you see the lower drum of a large sta- 
tionary boiler. All seams of the shell are welded. 
So are the extensions and elbows. And every 
weld has been radiographed to prove it sound. 
For radiography would reveal any serious lack 
of fusion or gas porosities. 

Knowing each weld to be sound, the designer 
of a pressure vessel can save weight, cut cost, 
and improve its efficiency. 


RADIOGRAPHY... 


another important function of photography 


BIG JOB 
for 
welding... 


adds “OK” 


This is why the use of radiography is widen- 
ing the opportunities of welding—why it can 
increase your business. 

If you would like to know more about how it 
can help you, get in touch with your x-ray 
dealer and talk it over. 
EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, New York 


and RADIOGRAPHY 


Kodalk 


TRADE-MARK 
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nical Publications or special compilations 
of standards. 

Certain innovations are embodied in 
this index; for example, the author index 
which precedes the subject listings gives 
the complete titles of papers and items 
covered. 

Copies of this 216-page publication, in 
red cloth binding, 6 by 9 in. page size, 
can be procured from ASTM Head- 
quarters, 1916 Race St., Philadelphia 3, 
Pa., at $6.00 per copy. 


Westinghouse 
Offers 

Better 
Brazing 


for less: 


Are you still using costly silver solders to braze copper, brass or 
bronze? The time-tested Phos-Copper and the sensational new 


$6750 
Engineering Undergraduate 
Award Program 


The Rules and Conditions for the sixth 
annual competition of the Engineering 
Undergraduate Award Program have been 
released by The James F. Lincoln Are 
Welding Foundation. The Rules for this 
year’s competition have been changed in 
a number of important respects: (1) The 
46 awards to be made will be for the best 
designs of a machine, machine com- 
ponent, structure or structural part that 
have been designed for welded construc- 
tion. (2) Duplicate awards will be made 
for the best entries in both mechanical 
design and structural design. Addition- 
ally, three grand awards will be made to 
the best of the Program designs. (3) To 
permit participation in the Program within 
the restriction of time available in the 
normal curriculum, all entries will be 
limited to no more than 20 pages. Under- 
graduates will also be permitted to com- 
plete their entry for the Program after 
graduation. 

The Rules and Conditions booklet, 
now available from the Lincoln Founda- 
tion, Cleveland 17, Ohio, gives suggestions 
for subject matter, a bibliography, and 
previous award titles illustrated with draw- 
ings. 


$7000 High-School 
Award Program 


The Rules and Conditions booklet for 
the $7000 Are Welding Award Program 
for high-school students on farms and 
ranches is now available from the Lincoln 
Foundation, Cleveland 17, Ohio. 

This is the third program sponsored by 
the Foundation for high-school students to 
encourage them to study how are welding 
ean contribute to better farm operation 
and maintenance. The Program stimu- 
lates interest in farm shop work, and 
especially in welding as used there. One 
hundred cash awards totalling $5000 are 
offered to students for the best descrip- 
tions of how are welding is or can be used 
in making and repairing farm equipment 
and tools. Awards are to individual 
students or a group of students. Both 
home and class projects are eligible. Ten 
awards, totaling $2000, are also made to 
schools for the improvement of shop 
mechanics courses. 

All high-school students living on farms 
or ranches are eligible to compete. The 
Rules can be obtained by writing to The 
James F. Lincoln Are Welding Founda- 
tion, Cleveland 17, Ohio. The Rules 
booklet contains 61 pictures of tools and 
equipment made by high-school students 
for which awards have been made in 
previous programs, 


structural frame. 


These widely used units eliminate ali hole punching, and, with 
welding, produce the most economical, safe, and quickly erected 


Write for 1951 edition, Structural Welding Practice Manual 
J. H. WILLIAMS & CO. 
Buffalo 7, N. Y. 


WELDING CONNECTORS 


Sexe Welding Connection Units position 
and secure structural parts to be welded. 


Clip K3A permits an adjustable connec- 
tion. 


+ AIR REDUCTION CANADA, LTD. 
Phos-Silver will braze these metals at a fractionof the costof silver Montreal 2, Canada 
solder and do the job better and faster with these advantages: 
No Flux: On copper-to-copper joints, a flux is not required 
when using Phos-Copper or Phos-Silver. 
Low Temperatures: Phos-Copper permits brazing tempera- 
tures as low as 1350° F. Where even lower temperatures are - 
required, Phos-Silver may be used as low as 1225° F. 
Perfect Bonds: The high fluidity and excellent wetting proper- 
ties of ee and Phos-Silver assure strong, ductile 
bonds capable of withstanding repeated shock and vibration. 
For further information call your nearest Westinghouse office or 
write Westinghouse Electric Corporation, Welding Division, 
Buffalo, N. Y. Ask for Brazing Booklet B-5454. j-24712 


- 


of 
~ 


today 7 yes si! 


When you need welding supplies in a hurry—contact 
BURDOX. Complete stocks of industrial gases, welding 
equipment and safety equipment are carried to meet 


emergency requirements. One call delivers all your needs. 
tHe BURDETT oxyGEn COMPANY 
3333 LAKESIDE AVENUE CLEVELAND 14, OHIO 
8 hes in Akron, Ci i, Columbus, Dayton, 
Mansfield, Ohio and in Los Angeles, California. r 


Welding & Cutting Equipt. & Machines B T R D 0 xX 


Industrial Gases * Goggles & Helmets 


¢ 


&* 


Soldering & Brazing Outfits * Hose & 
Cable * Rod & Fluxes * Cylinder Trucks 
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and these Hard- 
Faced rollers are 
still in use 


HAYNES 


Carrying hot steel for 


THREE £ 
YEARS 


Three years ago, some cast iron cone rollers for 
this cooling bed were hard-faced with HAYNES al- 
loy No. 92. Today, they are still carrying hot steel 
bars despite the continual impact, abrasion, and 
heat to which they have been subjected. Cast steel 
rollers on the same line, which were hard-faced 
with HAYNES STELLITE alloy No. 6, have also shown 
exceptional service — although they have not yet 
been in use as long as the cast iron ones. 

HAynes alloy No. 92, an iron-base alloy recom- 
mended for the cast iron parts, is exceptionally 
easy to apply by oxy-acetylene welding. It has a 


TRADE-MARK 


very low melting point and the molten alloy is 
quite fluid. Deposits have a Rockwell C hardness 
of 62-67 and excellent wear resistance. 

HAYNES STELLITE alloy No. 6, the cobalt-base al- 
loy used for hard-facing the cast steel parts, can be 
applied by metallic arc welding. Deposits are ma- 
chinable and have excellent resistance to abrasion 


and heat. 

For information on how to hard-face cast iron 
and cast steel parts, and on the alloys recom- 
mended for each job, write for a copy of ‘HAYNES 
Hard-Facing Manual.” 


Haynes Stellite Company 
A Division of 
Union Carbide and Carbon Corporation 


General Offices and Works, Kokomo, Indiana 
Sales Offices 
Chicago — Cleveland — Detroit — Houston 
Les Angeles —New York —San Francisco— Tulse 


“Haynes” and “Waynes Stellite” are trade-marks of Union Carbide and Carbon Corporation 
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VEW PRODUCTS 


Small Welder 


Here is a small electric welder that is 
ideal for home welding, farm use, small 
shops, ete., and has the same welding 
characteristic’ features as the large a-c 
transformer welders—designed for use on 
standard 110 or 220 power supply lines— 
will handle electrodes from '/i¢ to 5/3 in. 
(when on 110 v the maximum is '/-in. 
electrode). Incorporating the same prin- 
ciple used in the larger industrial welders, 
it has movable primary coils which permit 
an infinite current adjustment throughout 


the entire welding range. Smooth reset- 
table current control is obtained through 
the adjustable hand crank mounted on the 
top of the welder; it has two welding 
high and low. Welding amper- 
age is determined by the amperage scale 
on the front. In its construction, the 
primary coils are air spaced with glass- 
covered magnetic wire. Enclosed in a 
heavy steel case, it weighs 156 Ib, 
equipped with two rubber “‘oilite’’ bearing 
5-in. wheels and handle so that it can be 


ranges 


easily moved from one location to another, 
and comes equipped with detachable 
welding cables with jack plugs. Manu- 
factured by Miller Electric Manufacturing 
Co., Appleton, Wis. 


Heliare Welding Torch 


A new water-cooled Heliare torch for 
welding is an- 
nounced by Linde Air Products Co., a 
Division of Union Carbide and Carbon 
Corp 
continuous duty of 300 amp., and either 
high-frequency stabilized alternating cur- 
rent or straight polarity direct current can 
be used. This new torch, the HW-10, is 


inert gas-shielded are 


The torch has a rated capacity for 


designed: for welding practically all com- 
mercial metals up to about '/, in. thick. 

The HW-10 has a torch head and handle 
assembly weighing only 12 oz. Even if it is 
used for long periods of time at full rated 
current, it will not overheat. Cooling 
water flows directly into the torch body— 
there is no “outside plumbing.”” Water is 
circulated to the torch head, through the 
water jacket, back through the head again, 
and out through the power cable. 

This improved water-cooling system 
makes possible a design feature that 
minimizes electrode stub loss. Since the 
electrode holder is provided with direct 
water cooling, the collet body is brought 
closer to the are without damage from ex- 
cess heat. With the electrode holder 
brought down closer to the are, electrode 
stub loss is reduced. 

For further information about the Heli- 
are HW-10 welding torch, see your local 
Linde representative, or write to Linde 
Air Products Co., 30 FE. 42nd St., New 
York 17, N. Y. 


Copper Electrode 


Krembs & Co., Chicago, have perfected 
a shielded-copper welding electrode and 
welding procedure for metallic are welding 
copper and all copper alloys as well as 
cast iron and steel. 

“Kop-R-Are” makes strong and ductile 
welds on all copper alloys, also steel, 
east iron and standard steel. A free bulle- 
tin describing this new process will be 
sent those writing Department K, Krembs 
& Co., 669 W. Ohio St., Chicago 10, TI. 


“Chemalloy”? Welding Rod 
and Solder 


Chemalloy is a new development which 
revolutionizes and simplifies the art of 
welding or soldering any grade of alumi- 
num as well as any zinc-base metal such 
as pot metal or white metal. 

It requires no flux, no special cleaning 
of preparation of metal, no special weld- 
ing equipment, no special skill. Merely 
heat metal beyond 800° F and rub on. 
It flows through the skin of aluminum and 
makes a weld stronger than the aluminum 
itself. Will in turn take soft solder and 
permit attachment of radio-electronic or 
electrical wires to aluminum, It is pro- 
duced by blending several metals and 
chemicals to yield a very homogeneous and 


New Prodiets 


finely grained metal. Melts and flows 
easily without splatter and free of lumps 
and irregularities. 

Useful in every airplane, electronic, 
aluminum roofing, garage, foundry casting 
and automotive plant, or repair facility. 
Also ideal to repair damaged automobile 
radiator grilles, cracked carburetors, fuel 
pumps, automotive ornaments and acces- 
sories and aluminum utensils, Defies rust, 
corrosion, exposure and salt water. 

Write Sightmaster Corp., 111 Cedar 
St., New Rochelle, N. Y. 


Portable Hardness Tester 


Pacific Transducer Corp., of 11921 W. 
Pico Blvd., Los Angeles 64, Calif., offers 
a new low-cost portable pocket hardness 
tester for determining the hardness of steel 
alloys and other metals in the range of 
from 25 to 65 Rockwell “C” 


The test set features portability. It can 


scale. 


be carried in the pocket on the job. It may 
be used to test specimens of steel alloy in 
almost any place or position. It is a direct 
reading device. No further calculations 
are required. This makes the unit par- 
ticularly fast in operation. 

The test includes a microball indentor, a 
measuring microscope and a standard 
hardness test block. It operates by means 
of an impact indentor which drives a 
1/i¢-in. tungsten carbide ball a short dis- 
tance into the sample to be tested. The 
diameter of the indentation is then meas- 
ured by the reticulated microscope. As 
the diameter is a function of the hardness, 
the reticle indicates the hardness directly. 
It is accurate +1'/, points seale 
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It lends itself particularly to use by field 
engineers, maintenance engineers, sales 
engineers and plant engineers, It is par- 
ticularly adapted for testing all parts of 
large 
as for structural steel, tanks and large 


lies, pune hes and large welds 18 well 


pipes in position where only a portable 
hand tester of this type can be used. The 
net price of the unit is $69 


Die Adaptor 


The same die can be used for many dif- 
ferent resistance welding operations with 
the ‘“‘Nu-Twist’’ Die Adaptor now being 
manufactured by P. R. Mallory & Co. 
Inc., Indianapolis. A quick change of 
electrode inserts is all that is necessary to 
adapt the die to various operations such 
as spot welding, projection welding, elec- 
trical upsetting and electro-brazing. 

The unique design of the adaptor holder 
and electrode inserts, having no threads or 
tapers, enables the operator to release or 
secure the electrode with a simple turn of 
the locking nut so that he can change 
inserts while the die base remains in the 
machine A clearance space of only 1/1 
in. is ample between the upper and lower 
electrode inserts when replacement 1s 
made 


Because it cuts to seconds the time 


necessary 0 change a welding machine 
die setup from one operation to another, 
the Mallory ‘‘Nu-Twist’? Die Adaptor is 
particularly suitable for short-run resist- 


ance welding applications. 


| 


Mallory ‘‘Nu-Twist’’ Die Adaptor bases 
are custom-designed to fit the machine 
‘Nu-Twist’’ Electrode In- 


serts come in a range of sizes to fit most 


specifications. 


welding applications, but can be designed 
and constructed to fit special needs if 
necessary, 

“Nu-Twist”’ Electrode Inserts are made 
from Mallory alloy bar stock, possess 
optimum physical and mechanical proper- 
ties, are simple in construction and low in 
cost. 

Other sper ial features of the Mallory 
“Nu-Twist’’ Die Adaptor are the manu- 
ally operated locking nut requiring no 
tools; the unique double-groove construc- 
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tion in bore of locking nut which positively 
aligns insert centrally with die adaptor 
and locks electrode insert in position when 
nut is tightened; the Rubber ‘‘O”’ Ring 
Seal which provides water-tight connection 
at all times; the passages for fluid coolant 
which are properly proportioned to insure 
efficient cooling of electrode insert and die 
adaptor All components are of corrosion- 
resistant alloys, assuring complete protec- 
tion from coolant stoppage, rust and cor- 
rosion 

Complete technical information av ail- 
able on request: Bulletin No, 8-22, P. R 
Mallory & Co., Ine., 3020 EE. Washington 
St., Indianapolis 6, Ind. 


Manual Gun for Aircomatic 
Welding 


The new model No. 20 Aircomatic Gun, 
the latest development for manual inert- 
gas-shielded metal-arc welding has been 
announced by Air Reduction. 


This manual gun, designed to operate 
with currents up to 500 amp, 1s recom- 
mended for welding copper, bronzes, 
stainless steel, nickel and steel. The use of 
internal water cooling of the gun and a 
water-cooled welding cable pernut high 
current capacity without sacrificing light- 
ness and flexibility of the gun. 

For further information write to your 
nearest Airco office or to Air Reduction, 
60 E. 42nd St., New York 17, N. ¥ 


Pallet 


New tubular steel all-purpose pallet, in- 
troduced by the Econoweld Co., 1805 
Webster St., Dayton, Ohio, is lighter than 
wood pallets of the same dimensions and 
load capacity, but priced in the same 
brackets, Shown is one of many types 
which depart radically from conventional 
pallet design (patent applied for The 
eight-entry heavy-duty product has tubu- 
lar stee] runners weld-braced to an angle- 


iron bound deck. Manufacturers’ use to 


New Products 


date indicates ten times the serviceable 
life of wood pallets with added ease and 
safety in handling. The maker announced 
the new pallets will be built to the cus- 


tomer’s specification without added cost 


Low-Power Demand Welder 


The Tavlor-Winfield ¢ orp. ol Warren, 
Ohio, has de veloped a new projection 
welder of low-power demand rhis re- 
sistance welder is designed to weld rein- 
forcements in automotive brake drums, 
It is new and unique in its low-power de- 
mand for heavy-duty multiple projection 


welding 


Midget Type X-ray Machine 


\ new midget-type industrial 250,000- 
x-ray machine, less than half the size and 
less than '/; the weight of the conventional 
quarter-million-volt unit, was exhibited 
by General Electric at the 34th Annual 
National Metals Exposition, 

This lightweight, mobile unit, although 


capable of X-raying steel up to ‘ in, in 
thickness, can be easily carried around in 
foundries, welding shops, shipyards, build- 
ing projects and on many other jobs where 
X-ray Inspections are needed to control 
quality and safety 

The unit is less than 15 in. in diameter 
and 44 in. long: weighs only 150 lb, as 


ywainst 1150 for conventional units 
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The first major application, according to 
General Electric, has been made in U. 8. 
Navy shipyards where it is used to inspect 
critical welded seams and stressed areas in 
ships during and after construction. 

A feature of the unit’s versatility is its 
protruding ‘‘snout”’ from which the X-rays 
ire emitted, which makes possible the 
taking of “inside-out” X-ray pictures, 
This, according to G-E engineers, will 
greatly speed up the process and reduce 
problems now faced in making X-rays. 

In setting up for the inspection of a weld 
joint connecting two sections of a pipe, 
for example, the X-ray technician can 
bring the X-ray unit inside the pipe and 
change its position for each exposure ares 
without disturbing the pipe. He can also 
use it inside large castings and other areas 
difficult of access, or insert the snout 
inside a smaller casting. 

Operating at anywhere from 75,000 to 
250,000 v, the new unit can be used on 
iwnything from magnesium to steel. Use 
of the machine on light metals is also 
aided by the beryllium ‘‘window’’ of the 
X-ray tube, which allows the escape of 
softer, less penetrating X-rays from the 
tube, 


Tuna Cookers 


The photograph shows the largest bat- 
tery of Tuna Cookers in the world 
double-door, double-row units for 30 


racks each capable of handling between 
100 and 150 tons of fish per cook depend- 
ing on the size of the fish. 

These units were fabricated in the plant 
of Atlas Welding & Manufacturing Co., 
2200 W. Pacific Coast Highway, Long 
Beach 10, Calif., and delivered to a loeal 
Los Angeles Harbor Cannery. They are 
of all-welded construction, 6 x 7 ft and 
12 ft 6 
bolted-t ype doors. 


long with counterbalanced, 


Automatic Welder-Positioner 
Rebuilds Crawler Track Rails 


A fully automatic welder-positioner for 
erawler track rail rebuilding and other 
longitudinal welding is now in production 
by Dean Weld Machine, Ine., of Oakland, 
Calif, 

Principal advantages claimed for the 
machine include faster setup, negligible 
distortion, fully automatic operation, and 
fast, economical operation. Crawler tracks 
do not have to be disassembled for rail 
rebuilding; the 40-ft positioner bed will 
accommodate a full-length track. Low 
heat required reduces distortion so that 
track pins may be turned after welding. 
Automatic controls break and restart the 
are at each link joint so that build-up 
metal does not fill the rail joints cutting 
or grinding after welding is virtually 
eliminated. 

Experience with several units now in 
operation indicate that the typical 76- 
link track can be rebuilt in one 8-hr day 
with a single operator, including setup 
and finishing time. 

The machine also handles longitudinal 
welding such as box-beam fabrication, 


Tuna Cookers 


New Products 


seraper blade and bulldozer lip rebuilding, 
and welding or build-up on any sections 
which can be positioned in the 40-ft by 
28-in. welding bed. Extra 10-ft bed 
extensions are available. 

The unit is shipped complete with bed, 
carriage, welding head, 500-amp  trans- 
former and all controls and cables, 

Literature and prices may be obtained 
from the manufacturer, Dean Weld 
Machine, Inc., 10154 Edes Ave., Oakland, 
Calif. 


Automatic Heliweld 
Hard-Facing Process 


A new automatic hard-facing process, 
using the standard Automatic Heliweld 
Head and a unit for feeding bulk tungsten 
carbide, has been announced by Air Reduc- 
tion, 

Growing out of a need for improved 
methods in depositing tungsten carbide 
hard-facing material on tool joints for well 
drilling rigs, Airco has developed an 
Automatic Heliweld Hardfacing Unit. Its 
flexibility has been proved by numerous 
tests which show that its use for the dep- 
osition of tungsten carbide hard-facing 
material is limited only by the ability to 
position the work and the are in the proper 
relationship to each other, 

The manner of deposition of loose, 
granular, pure tungsten carbide particle, 
minimizes reduction of particle size by 
solution of the tungsten carbide into the 
base metal, It also minimizes the heat- 
affected area adjacent to the deposit. 

In operation, the Heliweld are melts the 
base metal, producing an elongated pool 
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OUTPERFORMS ANY MOTOR GENERATOR SET MADE! 


No moving parts to wear out. No brushes and bear- 
ings to replace. No commutator to corrode or turn 
down ... maintenance expense practically eliminated. 


Instant striking and smoother arc! There's no induc- 
tive time lag usually found in motor generator sets. 


OUTPERFORMS ANY OTHER RECTIFIER MADE! 


Eliminates stack failure. High-velocity, down-draft 
ventilation provides plenty of cooling air within the 
machine. There's no need for thermostatic protection, 
no interruptions because of current cut out! Even 
when short circuited while set at rated output, recti- 
fier-stack temperature rise is held below critical levels! 


Eliminates machine noise and current creep. No 
large magnetic forces develop to cause vibration or 
tear the machine apart, thanks to its moving-coil de- 
sign. And positive air separation between primary and 
secondary coils guards against insulation failure which 
otherwise might put line voltage on welding leads. 


If your jobs call for DC welding... you'll weld faster, 
better, at Jess cost with this new A. O. Smith D. C. 
rectifier welder—an entirely new concept in D. C. 
production welding! 

For complete information and name of nearest 


distributor or A. O. Smith representative, write: 


A. O. SMITH CORPORATION 


WELDING PRODUCTS DIVISION 
Dept. WJ-1252, Milwaukee 1, Wisconsin 
International Division: P.O.Box 2023 Milwaukee |, Wisconsin, U.S.A, 
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Made by Welders... for Welders 


models, 
rated. 


Available in 200- 
300- and 400-Amp 
production welding 


N.E.M.A 
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Exclusive electric control, making remote 
operation simple and convenient. Avail- 
uble in four sizes specifically designed for 
all d-e welding applications. Illustrated is 
the Mode] 100, designed for light d-c appli- 
cations where low amperages and crater 
elimination are a ‘“‘must.” Other sizes 
range up to Model 400 designed for heavy 


Fig. 3 Good distribution of correct production welding. Designed and manu- 
particle size and narrow heat-affected factured by Miller Electric Manufacturing 
sone are evident in this section of a Co., Appleton, Wis. 

deposit on a tool joint 


matic Heliweld Head is electrically con- Engine-Driven Db-C 
trolled with a high degree of aceuracy, Are Velder 
Tests have shown that the abrasion re- 
sistance of deposits made by this process A new 200-amp, engine-driven d-e are 
is considerably greater than that attain- welder with a 60% duty cycle has been 
able with other arc methods. announced by the General Electric Co.’s 
Welding Department. 


Are Welder 


Featuring magnetic amplifier principle, 
an integral part of the welder itself, is the 
new Miller Selenium Reetifier D. C. Are 
Welder that combines all the advantages 
of the a-c transformer type welders and 
the d-c motor generator welders, just an- 

Fig. | Basic Automatic Heliweld nounced to the industry. This new welder 

Hardfacing Unit: Automatic Heliweld gives high short-cireuiting current that 

Head and Vibratory Hopper Assembly 
provides a pulsating d-c current which in- 


sures faster electrode deposition and 
sounder, denser welds, Utilizing advan- 
tages heretofore considered impossible, the 
manufacturer states that these new Selen- 
ium Rectifier Type D. C. Are Welders open 
up an entirely new field in electric welding. 


Designated as Type WD-42AGW, the 
new welder has a current range of 40 to 
250 amp, and can be used with a variety 
of electrode sizes for repair, maintenance 
and construction work. 
Consisting basically of a G-E type 
WD42 generator and a Wisconsin air- 
cooled engine, it is designed to fit crosswise 
Fig. 2 Feeding tungsten carbide ; . , in a standard pick-up truck. Optional 
— equipment includes a trailer equipped with 
fittings for pressure lubrication. 
and the tungsten carbide particles are a Forced ventilation keeps internal tem- 
poured into this pool behind the are, The oe fi perature within safety limits when the 
rate of tungsten carbide feed from the welder is operated on a 60% duty cycle 
Vibratory Hopper mounted on the Airco- at rated load. In addition, tests indicate 


Yeon of GUARANTEED SATEFACTION UNITED STATES 
“ANTI-BORAX” FLUXES TESTING COMPANY, INC. 


INSPECTION and TESTING of 


No.2 Brazing Flux for Brass, Br Steel, etc. ; 
No 4 Braz-Cast Flux Bronze Welc Ses lron Welding and Weldments 


Stinlew Steel Welding Flux QUALIFICATION of 


Main Laboratories Hoboken, N. J. 


Mis. By 
ANTI-BORAX COMPOUND CO., INC. 
Fort Wayne, Ind. Boston - Chicage - New York - Philadelphia - Providence 
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POT WELDERS 


“THE STRONGEST IN YOUR PRODUCTION CHAIN” 


WM-629 SPECIFICATIONS 
TRANSFORMER: 220 or 440 volt primary as specified; 3.19 
minimum to 5.0 maximum secondary voltage. Four Point 
Dial Type Heat Selector Switch, mounted for outside ad- 
justment. Water-cooled secondaries. 

ARMS: 2'2” dia., mounted in heavily ribbed copper cast- 
ings, equipped with standard water-cooled 1” dia. point 
holders. 

THROAT: 12” to 18”, stroke, 3”. 

OPERATION: 3” dia. air cylinder. 36” four-way solenoid 
air valve operated through foot switch. 

FRAME: All-welded steel construction. 60” high, 25” wide, 
25” long. 

SHIPPING WEIGHT: 800 Ibs. 


WM.-680 (shown on left) SPECIFICATIONS 
CAPACITY: 75 KVA at 50% duty cycle. 

TRANSFORMER: 220 or 440 volt primary as specified; 
6.6 minimum to 10. maximum secondary voltage. Six Point 
Dial Type Heat Selector Switch, mounted for outside adjust- 
ment. Water-cooled secondaries. 

ARMS: 3” dia., mounted in heavily ribbed copper castings. 
Standard water-cooled 114” dia. point holders. 

THROAT: 18”; stroke, 3”. 

OPERATION: 5” dia. air cylinder; % four-way solenoid 
air valve operated through foot switch. 

FRAME: All-welded steel construction. 70” high, 30’ wide, 
60” long. 

SHIPPING WEIGHT: 1100 lbs. 

Note: WM-680 also available with Transformer capacity of 70 KVA at 50% 


duty cycle; 5.0 minimum to 7.1 maximum secondary voltage. All other 
specifications as indicated above. 


Ideal for high speed resistance welding of 

mild steels in broad variety, these units 

have features that assure extreme accu- 

racy in volume production. Every Link 

at ¥ S$ ee model is engineered to JIC electrical and 

gh pre <\0 air standards. Moderate in original and 

Cc low in operating cost, these Link Spot 

Welders will perform dependably for you 
under any production schedules. 

Further technical data available on re- 
quest. Submit your welding problems to 
Link Welder. You will receive complete 
and competent recommendations without 
obligation to you. Write today. 


LINK WELDER CORPORATION 
Designers ond Manvtacturers of High Production Welding Equipment 


13684 WEST BUENA VISTA ¢ DETROIT 27, MICHIGAN 


“THE STRONGEST Im YOUR PRODUCTION CHAIN” 
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that heavy overloads for short periods do 
not produce harmful results. 

Maintenance-wise, either the generator 
or engine can be removed easily for over- 
haul and replaced by a standby unit. 
Since the engine is air cooled, coolants or 
antifreezes are not required 

Av: 
idling the engine when welding is not 


ium-type device saves gasoline by 


being done. 


Press and Girth Welder 


The photo shows the girth-welding ma- 
chine developed by Morten Manufactur- 
ing Co., Muskegon Heights, Mich., for 
submerged-are and inert-are tank welding 
production The machine is engineered 
to make fillet and burn-through circum- 
The main feature of this 
built-in hydraulic 


ferential welds 
machine is 5-ton 
press for the assembly of parts prior to 
welding. two-pressure hydraulic svs- 
tem is incorporated with high pressure for 
issembly and low for holding parts during 


welding 


The stationary headstock supports the 
center spindle drive and gives reaction to 
the press while the adjustable tailstock 
houses the hydraulic press eviinder. The 
press is under push button inching con- 
trol and the eject and reload evele is 
Manual longi- 
tudinal and radial positioning of the weld- 


automatic in Operation, 


ing heads is provided to cover the machine 


range 


Less than half an hour changeover time 
is required, keeping nonproductive hours 
at a minimum. 

The machine has a capacity of 9 to 
24 in., 12 to 36 in. or 18 to 48 in. diam and 
up to 96 in. long. 


New Steelweld Shear Cuts 
20-Ft. Plate 


New Series 3C20 Steelweld Shear, made 
by The Cleveland Crane & Engineering 
Co., Wickliffe, Ohio, is the longest to date, 
with a shearing capacity of 20-ft by */ye-in. 
steel plate. 


The frame is solidly built with all see- 
tions of steel plate welded, thus assuring 
honmovement of parts and life-time align 
ment. The bed, end housings and crown 
are all welded together into one integral 
unit. length the 
the floor to prevent 


Because of the great 
bed extends below 
deflection. 


Service Bulletin 


Position Vacant 


V-280. Welding Engineer 
Must have working knowledge of manual 


Supervisor. 


and automatic welding of carbon and alley 


steels, plate and sheet products — inert are 


and resistance welding ability to write 
welding specifications and 
Western Pennsylvania 
V-281. Welding Engineer. 
A company which has pioneered in welding 
and is considered by industry as a leader 
in the field has an excellent opening for a 
with experience in 
This is an inter 
the development of 


pre wedures 


Research 


welding engineer 
resistance welding. 
esting position in 
welding application to diversified proj- 
ects. If you are interested in doing 
resistance welding research and develop 
ment, vour inquiry is invited. 

V-282 Manager. Experienced 
in are welding equipment or power and 
lighting transformer field. Responsible for 
planning and executing sales, maintaining 
and building a factory sales representative 
organization, sales promotion and advertis- 
ing. Travel required. 
pense account and bonus. 
growing, well-established 
manufacturing competitively 
tribution transformers type are welding 
equipment sold nationally through manu- 
faeturers agents to jobbers aud dealers 
Challenging opportunity. Give full details 
Confidential 


Sales 


Good salary, ex- 
Small, fast- 
organization 
priced dis- 


and photo. 


Services Available 

ASSL, 
nical Service. 
igan. Age 35, married. 
perience in technical service and sales, 


Welding Metallurgist-—Tech- 
B.S. in Met.E., U. of Mich 
Five years’ ex 


customer complaint and contact work in 
welding and metallurgy. Six years of 
development, procedures and specifica- 
tions in welding, metallurgy and steel mill 
trouble shooting. Considerable public 
speaking before AWS sections, plant staffs 
and sales meetings. Published technical 
articles and taught college metallurgy 
A-632. Welding Engineer. Presently 
Age 31. Engineering graduate 
with ten vears’ experience in shipbuilding, 


employed, 


oil refinery pressure vessels, power plant 
equipment fields. Desires 
position in welding production, engineering 


supervisory 


or sales, 


available for 


or recent graduate 
Resistance Welding. 


specializing 


Tulsa Division 
Employment Office 
608 South Cincinnati 


Excellent Opportunity 


RESISTANCE 
WELDING ENGINEER 


Electrical Engineering Degree and two (2) years’ 
experience in qualification of equipment, establish- 
ment and certification of aircraft welding schedules, 
in the field of 


DOUGLAS AIRCRAFT COMPANY, INC. 


Tulse, Okloh 


Full page 
Half Page 


Eighth Page 


NET MONTHLY ADVERTISING RATES 
Black and White 


Two-thirds page 


Quarter Page 


Twelve 
Insertion Insertions Insertions Insertions 
$195 $180 
165 
130 120 100 
wl 
40 35 


Inside Preferred | 255 | 235 


Effective October 2, 1950 


One Three Six 


| 205 


10% Extra for bleed full pages. Color $85 extra per color added 


Agency Commission— 15% 
Cash Discount—2%, 10 days 
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minimize stress 3 Nu distortion .warpage with EUTECTIC 


WELDING ALLOYS 


impossible ? thar: what the Stolper Steel Products Corporation thought, too, until they 
actually tried these mew, entirely different EUTECTIC “Low Amp ® EutecTrodes.® Then they 
came up with the astounding Case History shown below... Yes, we not only eleim this amazing 
performance...we preve that Eutectic is different... prove that these new alloys selve 
metal-joining problens where conventional materials fail! — Le! us prove it in 
your shop ... just as we have in over 78,000 other plants and shops throughout 
America ... There's no cost, no obligation involved ... just fill in and maeill the coupon 
below for a free consultation-demonstration from one of our 350 trained District Engineers 


who stand ready to serve ¢ =. 

| we All METALS j oA MEATS Not only “MILD” steel, but also high carbon steel; cast steel; high-speed 
| steel; 9 steel; and all alloy steels; structural steel; aircraft 

steel, etc., in addition to all other metals from “A” for Aluminum te “Z" 

for Zinc can be joined faster, better, and more 
economically with one of the more than 150 
different “‘Eutectic Low Temperature Welding 


Alloys”.(Allarc, torch and furnace applications.) 


you from coast to coast. 


(150 
AMERICA’S LEADING INSTITUTION different 


DEVOTED TO THE RESEARCH AND MANUFACTURE OF 
SPECLALIZED METAL-JOINING ALLOYS 


alloys for 


SAVES 40% ON LEAD-COATED 
STEEL-PLATE WELDING COSTS 
“Having just completed o series of 
tests using EUTECTIC's rods on Terne & 
Plate tanks, |-thought you would be 

interested in the following typical 
results. 

TIME SAVINGS PER 100 TANKS! 
Airtack and weld complete. .43.7% EUTECTIC WELDING ALLOYS CORPORATION 
Wire Brush welds......... 18.6% 172nd Street & Northern Boulevord, Flushing 58, New York, N.Y 
Test and Repair leaks...... WJ-12 


w 
oa 


Stolper Steel Products Corp 


LOS ANGELES, CAL.- SAK FRANCISCO, CAL.- CHICAGO, ILL.- MINNEAPOLIS, MINN.+ INDIANAPOLIS, IND.- BOSTON, MASS. - BALTIMORE, MD. 


& “This reflects a savings of 43.85 This new manual of yours sounds like a very helpful book. Send me o FREE copy 
e hours (40%) per 100 tanks. The with the understanding thot there will be no cost or obligation now or later 
comparisons were made on produc 

tion runs and the hours per 100 tanks 

f shown are actual time study stand- 

ards used for incentive purposes. 

& "| wish to thank you for the splendid 

& ings possible.” —L. L. D., Ind. Eng., 


DETROIT, MICH. - ST. LOUIS, MO. - OMAHA, NEBR. ~ CINCINNATI, OHIO - CLEVELAND, OHIO - PHILADELPHIA, PA. - DALLAS, TEXAS 
PORTLAND, OREGON - PITTSBURGH, PA. HOUSTON, TEXAS MILWAUKEE, WISC. 
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LITERATURE 


Hobart Gas Drive Are Welders 


A new S-page folder illustrating and de- 
scribing the complete line of Hobart Gaso- 
line Engine Driven Are Welders is being 
mailed by Hobart Brothers Co., Troy, 
Ohio 

Complete electrical and mechanical 
specifications are given for the are welders 
and combination model of are welder and 
power unit. A free copy will be mailed to 
anyone on request to Hobart Brothers Co., 


Trov, Ohio 


Piston Salvage 


\ West Virginia machine shop reports 
on an interesting metallizing job involving 
the salvage of compressor pistons for a 
large chemical Rods are 
5'/-in. alloy steel and wear 2'/, ft on 
either side of the centrally located 1%-in. 


corporation. 


pistons, 

Here is how the job was done. The rods 
are first turned down approximately 0. 100- 
in. on the radius, threaded with a fine U- 
type thread and then prepared with a 
special surface roughing tool, which pro- 
duces a surface somewhat similar to knurl- 
ing 


The prepared surface is then sprayed 
with « special stainless alloy to about 
in. over the original diameter. Rod is 
then ground to required dimension. 

Replacement cost for these piston rods 
runs about $1000 to $1200 each, with de- 
Metallizing puts a 
unit back in service in two days and costs 
about $250 

The chemical corporation for whom this 
work was done, has found that a red with a 
metallized surface is superior to the orig- 


livery very uncertain. 


inal rod. Its useful service life is greater 
and the packing wears longer. As a result 
of these advantages, they now have new 
piston and rod units metallized before in- 
stallation. 


1180 


This application and several other 
“money-saving” metallizing applications 
are described and illustrated in the Metco 
News, Vol. 6, No. 4. Just write for your 
copy to Metallizing Engineering Co., Inc., 
38-14 30th St., Long Island City 1, N. Y. 


New Aircomatic Catalog 


A new, 12-page, two-color booklet de- 
scribing the equipment and supplies em- 
ployed in Aircomatic weldivg, Airco’s 
inert-gas-shielded metal-are process has 
just been published by Air Reduction. 

This profuseiy illustrated booklet covers 
in detail both the No. 3 and the new No, 20 
manual, Aircomatic Guns and the Airco- 
matic Head, for automatic operation. 
Aircomatic wires for use with this equip- 
ment also are covered. 

To obtain your copy of this new Airco- 
matie Catalog (Form ADC 717 B), write 
to your nearest Airco office or to Air Re- 
duction, 60 E. 42nd St., New York 17, 
N. ¥. 


Wall Chart Now Available 


Just published is a wall-chart 18x27 in., 
designed to aid welders, on the job, to se- 
lect the particular All-State alloy and flux 
which will best serve the welding, brazing, 
soldering, cutting or tinning job at hand 
Data on 41 alloys 
and appropriate fluxes are arranged so as 


and at the least cost. 


to make accurate selection as nearly auto- 
matic as possible. Al] All-State alloys and 
fluxes are covered according to the metal 
upon which work is to be performed. 
Copies may be obtained from any All-State 
distributor and from All-State Welding 
Alloys Co., Inc., 249-55 Ferris Ave., White 
Plains, N. Y. 


**Nickel-Are 60°’ Electrodes 


Alloy Rods Co., York, Pa., issued a new 
4-page bulletin on their new Nickel-Are 60 
electrodes for machinable welds on cast 
iron. This is their Bulletin AR52-2218. 


Cutting Torch 


The M38 Catalog Sheet has just been 
released by the K. G. Equipment Co., 
13-11 44th Ave., Long Island City, 
N. Y., and is available on request from 
the above manufacturer. 


Vew Literature 


Fatigue and Fracture of Metals 


Edited by William M. Murray, with 
Foreword by Jerome C. Hunsaker, Fatigue 
and Fracture of Metals contains 14 papers 
written by recognized authorities for the 
purpose of focusing our present know!l- 
edge of this vitally important engineering 
problem and of indicating paths for future 
research. 

The discussion embraced general experi- 
ence with failure of metals, specific fields in 
which fatigue occurs, the internal mecha- 
nisms probably involved in fatigue damage, 
the significance of various metallurgical 
phenomena to fatigue, the potential useful- 
ness of different research methods to dis- 
close more about the mechanism itself and 
about ways of countering it in design, and 
the direction of future research as forecast 
by the speakers’ specific recommendations. 

This book is published by John Wiley & 
Sons, Inc., 440 Fourth Ave., New York 
16, N. Y. The price is $6.00 per copy. 


Guide to Silver Brazing 


If the more-than-100,000 requests for 
the American Platinum Works Manual 
A Complete Guide to Successful Silver 
Brazing may be used as a yardstick to 
measure the growth of interest in low- 
temperature silver brazing, and it surely 
can, then silver brazing is fast reaching 
its important place in industry. 

The booklet is the most complete guide 
available for all aspects of silver brazing 
applications and procedures. It provides 
correct answers to all general questions on 
low-temperature silver brazing, brazing 
alloys, joint design, preformed brazing 
shapes, ply metals, fluxing, heating meth- 
ods, cleaning and inspection. More than 
50 drawings and charts are used to illus- 
trate the text. Several of the reference 
charts have been found to be particularly 
useful in selecting specifications for silver 
brazing alloys, to check U. 8S. Government 
Specifications and for Conversion Data. 
There is also a specially designed graph 
that is used to calculate quickly the ther- 
mal expansion of metals at the various 
silver brazing temperatures. 

Copies of Silvaloy’s A Complete Guide to 
Successful Silver Brazing are again avail- 
able without charge to engineering and 
brazing personnel of industrial manufac- 
turers, libraries, schools, ete., upon request 
to The American Platinum Works, 231 
New Jersey Railroad Ave., Newark 5, 
N. J. 


Cutting Metals 


How to gouge and cut all metals with 
only carbon are and compressed air is 
described in a new brochure on the Arcatr 
Torch, available on request from the 
Areair Co., 2614 Burwell St., Bremerton, 
Wash. 
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ANNOUNCES 
ITS NEW 
LINE OF 
SAFETY 
GOGGLES! 


The new 220 Series Goggles * Metal construction combines comfort 


‘ ‘ . wi i life. 
are designed to give the utmost in eye ith strength and long life 


* Designed to permit unobstructed side 


protection. Comfort is assured during : “ae 
to side vision. 


continued wear by proper balance 
iti * Heat treated safety lenses, individually 


combined with lightness of weight. tested for impact resistance, and exam- 
This results in worker approval and ined for optical perfection. 
a higher factor of safety. Varied * Flat or curved lenses—either clear or 


absorptive green in medium, dark and 


combinations make these goggles 
extra dark shades. 


adaptable to many industrial oper- 
— es I * Many combinations of side shields, lens 


ations requiring positive eye protection, sizes and bridge widths. 
g 


For illustrated folder, containing prices and detailed informa- 
tion, write directly to Pennsylvania Optical Co., Reading, Penna. 


Order Direct PENNSYLVANIA OPTICAL COMPANY 


READING, PA. 


and Cave! Known for Fine Ophthalmic Products Since 1886 
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PENNSYLVANIA OPTICAL COMPANY 


Shopping for 
supplies is often 


ONE SOURCE OF SUPPLY 


It makes sense to make your A-S 
Distributor and All-State your one 
proven source for all alloys and 
fluxes needed for welding, brazing, 
soldering, tinning and cutting. 


BETTER JOBS FOR LESS 


A-S Distributors stock a large variety 
of things you have to have quickly 
when you want them. They're com- 
petitive on price — usually lower if 
your eye is on the job costs. That 
comes of their handling All-State 
Alloys and Fluxes for all metals. 
They do better jobs for less. 


TECHNICAL SERVICE 


Each All-State Distributor has men 
especially qualified by training and 
experience to aid in the proper se- 
lection and use of alloys and fluxes 
for jobs where you might need help. 
Back of them, and always ready to 
pitch in on the problem jobs are the 
All-State regional men and the well- 
known All-State technical service 
facilities at White Plains, N. Y. 


FREE LITERATURE 


Ask for 32-page Buyers Guide to the 
complete line of All-State Alloys and 
Fluxes for welding, brazing, solder- 
ing, tinning and cutting. 


A-S DISTRIBUTORS 


EVERYWHERE 


ALL-STATE 


WELDING ALLOYS CO., INC. 
White Plains, N. Y. 


The literature illustrates typical applica- 
tions —in foundries for removing pads and 
gouging defects in stainless and alloy steel 
castings, and by fabricators for cutting 
out corroded sections in pressure vessels 
and back gouging welds. Other photo- 
graphs show applications for maintenance 
in industrial and construction fields. 
Complete operating instructions are also 
covered in pictures and text. 


Flexible Tubing Line 


A complete line of flexible tubing, in 
diameters from less than 1 to 30 in., is 
deseribed in a new 4-page bulletin avail- 
able from Flexible Tubing Corp., Guil- 
ford, Conn. The ducting, made of fabric- 
supported rubber or plastic wound on 
helical spring wire coils, is lightweight, 
highly retractable, noncollapsible, non- 
kinkable, flexible enough to allow up to 
180-deg turns and requires no installation 
skill. Uses of the tubing include portable 
and semipermanent ventilation service, 
fume removal, dust collection ard ma- 
terials handling, in original equipment 
designs and maintenance applications. 
Catalog C2-3 also includes information on 
tubing for special applications, and on 
fittings. 


Standard for Transformer- 
Type Are-Welding Machines 


The new October 1952 edition of the 
Standard for Transformer-Type  Are- 
Welding Machines supersedes the edition 
of September 1937. 

The new edition of the Standard has 
been prepared as the result of careful 
study by the Underwriters’ Laboratories’ 
staff; 
cussed quite extensively with manufac- 


it has been reviewed by and dis- 


turers of listed welding machines of the 
transformer type, and with others known 
to have an interest in the requirements 
which this Standard contains; and it has 
been approved by the Laboratories’ 
Electrical Council, which is comprised 
largely of inspection authorities through- 
out the United States 

The new edition will become effective on 
July 1, 1953; except that machines listed 
by the Laboratories prior to that date on 
the basis of a balf-hour or a 1-hr continu- 
ous-operation test will continue to be so 
listed until July 1, 1954. The Labora- 
tories’ review of currently listed welding 
machines will be made prior to July Ist of 
next year. 


Hobart Are-Welding News 


Volume IX, No. 3, Hobart Are Welding 
News, a 20-page booklet of interesting 
photographs and articles on welding from 
all over North America, is now available. 
Copies are mailed free of charge to anyone 
interested in are welding. 


New Literature 


Many of the articles feature time- and 
money-saving applications. To get your 
copy, write the Hobart Brothers Co., 
Troy, Ohio. 


Special Steels 


A comprehensive handbook detailing its 
line of top quality tool and special purpose 
steels is now available from The Pyramid 
Steel Co., P. O. Box 1226, Cleveland 3, 
Ohio. 

Illustrated and described are steels for 
complete maintenance and repair pur- 
Included are nontempering steel, 
pneumatie and shock turned- 
ground and polished shafting steel, various 
types of heat-treated alloy steels for those 
brake die steel, oil 
hardening die steel and abrasive resisting 
plates. Additional pages cover types for 
rebuilding worn crawler grousers and for 
filler bar applications. 

The handbook also includes welding 
instructions for maintenance applications, 
tables and useful information on steel 
hardness numbers plus approximate hard- 
ness conversion numbers for steel, Still 


steel, 


“problem jobs,” 


another section gives users technical data 
such as decimal equivalents. 

The colorful, 22-page literature contains 
detailed 
operating instructions and other vital 


specifications, applications, 
technical information which can be used 
by plant operating personnel. 


Welded Highway Bridge Design 


Welded Highway Bridge Design is a new, 
240-page book edited by Professor James 
G. Clark of the University of Illinois, and 
presenting significant designs and details of 
welded bridges submitted in the Lincoln 
Foundation’s Award Program for welded 
through highway bridges. Publication 
date is Nov. 1, 1952 
structural types, floor systems, new sec- 


Chapters discuss 


tions, connections and details, quantities 
and costs. Over 100 original drawings 
Edited by J. G. 
Stiff board, 


clearly reproduced 
Clark, University of Llinois 
cloth-bound covering, gold 
Price $2.00 in the USA., $2.50 elsewhere; 
postage paid by publisher, James F. Lin- 
coln Are Welding Foundation, Cleveland 
17, Ohio. 

The authors of the designs include con- 


embossed 


sulting engineers, bridge engineers of state 
highway departments, structural engineers 
with governmental departments, designers 
of steel fabricating companies, structural 
engineers of research organizations and 
structural 
*These professionally well-known men are 


professors — of engineering 
active designers in 17 different countries, 
including 20 different states in the United 
States. The designs incorporate their 
author's high caliber, experiences and rec- 
ognized ability for creative thinking 


(Continued on page 1186 
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How AMSCOATING 
with Amsco Hardfacing Rods saves you 


materials... manpower ... money 


Amscoating these briquette machine dies increases die life... : 
reduces need for repairs ' 


A big reduction in costs of die maintenance has been made by 
Amscoating with Amsco Economy Hardface “C;’ according to the 
welding superintendent of a southern plant manufacturing 
ferro silicon briquettes. 

By using 100-110 amperes reverse polarity and depositing a 
one pass of Economy Hardface “'C” on edges of both sides 
of die, the need for repairs was substantially reduced. : 


Amsco Economy Hardface “C” is preferred because of its 
How to AMSCOAT better service results and because of its better handling during 
briquette machine dies application than types of rods used previously. 
Long service life and fewer replacements through the use of 


a ae Amscoating on applications means big savings. If you have 


plete details...the Amsco elec- 


trode to use and method of equipment that is subject to wear, the possible savings 
application. Also lists recom- to you are too big to be overlooked! 

mendations for other iron and ie Fé 

steel applications. Free copy on Write today for illustrated catalog—and nearest 
request. distributor's name. 


AMSCOATING 


THE RIGHT WAY TO MAKE REPAIRS 


AMERICAN MANGANESE STEEL DIVISION 


14th STREET CHICAGO HEIGHTS, Ill. 


Other Plants: New Castle, Del., Denver, Oakland, Cal., Los Angeles, St. Louis. In Canada: Joliette Steel Division, Joliette, Que. 
Amsco Welding Products distributed in Canada by Canadian Liquid Air Co., Ltd. 
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C. Moore Corporation, Tulsa, one of the country’s foremost builders 
oil well drilling and production masts and structures, is a user of Sureweld 
ctrodes, has 18 Sureweld AC Welders, uses NCG gases exclusively. 


ABOVE: Sureweld Electrodes in use at Harris Structural Steel Company, 
New Market, New Jersey, one of the nation’s largest fabricators of steel 
bridges and buildings. 


BELOW: Eleven Sureweld Spot Welders are in use at the Dunnington Mfg. 
Co., Indianapolis. Operators make an average of 4,850 welds daily without 
fatigue. —- over previous soldering operations are estimated at over 
$150 per month. 


where jobs are ugh ES 


makes its strongest friends 
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The tough jobs—those that demand unusually high 
performance under exacting conditions, that require 
extra ability-to-perform—are the ones that put equip- 
ment to a real test. 

It’s on jobs like these that NCG welding and cut- 
ting equipment proves most convincingly that it’s 
built better to do better work, because that extra 
ability-to-perform is so evident. 

Why not find out what NCG can do for you? The 

, literature offered you on the opposite page explains 
the superiority of NCG’s welding, brazing and cut- 
ting equipment. Use the convenient coupon to check 
the literature you wish to receive. 


ABOVE: An NCG Type R cutting machine is used for shape cutting in the 
diversified maintenance operations of Esso Standard Oil Company's big 
Baton Rouge refinery. For production cutting, as many as eight torches 
can be mounted on the Type R. 


BELOW: At the Neville Island plant of Shanango-Penn Mold Co., 
Pittsburgh, Torchweld cutting torches are used to remove “‘staples"’ from 
6-ton ingot molds. Shanango-Penn has used NCG products for 15 years. 


—- 


SUREWELD 
A-C WELDERS 


Twelve page catalog fully explains 
and illustrates the performance and 
construction features of Sureweld 
A-C welders. Includes both gen- 
eral utility shop models and heavy 
duty industrial models. 


SUREWELD "‘GASARC” 
INERT-ARC WELDERS 


Brochure describes Sureweld 
“Gasarc’’ Welders and auxiliary 
equipment for inert-arc welding. 
Five models available ranging from 
150 to S00 amp. ratings. 


SUREWELD PORTABLE 
D-C WELDER 


Complete information on the pop- 
ular Sureweld gas-engine driven 
D-C Welder which combines am- 
ple welding capacity with one-man 
portability. For field welding, 
maintenance and repair. 


NCG CYLINDER 
MANIFOLDS 


Sixteen-page catalog describes and 
illustrates all sizes of NCG cylinder 
manifolds for economical piped 
distribution of oxygen, acetylene, 
hydrogen and nitrogen. 
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CUTTING AND 
WELDING APPARATUS 


Catalogs on the Torchweld and 
Rego lines of oxyacetylene weld- 
ing, brazing and cutting torches, 
tips, regulators, outfits and other 
apparatus. 


PORTABLE 
CUTTING MACHINE 


Illustrated catalog describing the E 
famous Cut-O-Matic—NCG’s 
portable automatic motor-driven of 
flame-cutting machine. Cuts 
straight lines, circles, arcs and bev- 
els. Weighs less than 50 pounds. 


POWDER-CUTTING 
EQUIPMENT 


Newly-issued brochure describes 
NCG's new Ferrojet equipment for 
cutting stainless and other “hard- 
to-cut” alloy steels. Alsonew flame- 
washing torch for removing riser 
pads on alloy castings. 


ADDITIONAL NCG PRODUCT LITERATURE 
8 Sureweld Portable Spot Welder 


9 Sureweld Electrodes 


10 NCG Brazing & Welding Alloy Rods 


1! NCG Multiple-torch Cutting Machines 


12 NCG Welding Accessories 


Sod-R-Braze Air-Acetylene Torch 


Torchweld Acetylene Generators 


NCG, Sureweld, Torchweld, Cut-O-Matic, Ferrojet, 
Sod-R-Braze and Gasarc are trademarks. 


EVERYTHING FOR WELDING 


NATIONAL CYLINDER GAS COMPANY 


840 N. Michigan Avenve, Chicago 11, Ill. 
Branches and Dealers from Coast to Coast 


Copyright 1952 National Cylinder Gas Co. 


National Cylinder Gas Co., 840 N. Michigan Ave., Chicago 11, Ill. 
Send me, without cost or obligation, literature checked below. 


1 A-C Welders 


CJ 2 Oxyacetylene 
Apparatus 


3 Gasare Welder 
4 Cut-0-matic 


[_] 5 Portable Welder 


CT] 6 Ferrojet 


CJ 7 Manifolds 


8 Spot Welder 
9 Electrodes 


10 Alloy Rods 

CJ 11 Cutting Machines 
CJ 12 Accessories 

13 Sod-R-Braze 
14 Generotors 


NAME POSITION. 
COMPANY. 

ADDRESS 

CITY. ZONE STATE 


JSE THE COUPON BELOW FOR HELPFUL propucr LiTERATU: 
\ 
\ 
\S 
» \ = 
JH 
J 
| 
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= 
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Stainless steel WELDING 


AC-DC 
Electrodes 


GAS | 
Welding Rods 


BURNING... 


stable even at lower heats \ 


SLAG... 


clean, easily removed 


COATING... 


resists cracking down to very short stubs 


SELECTION... 


complete line for welding 
every type of stainless 


* 


Get in touch 


with your PAGE distributor 


_ PAGE STEEL AND WIRE DIVISION — 
AMERICAN CHAIN & CABLE Electrodes 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York 
Philadelphia, Portland. San Francisco, Bridgeport, Conn 


1LIS6 New Literature 


The designs are original designs for an all- 
welded two-lane through highway bridge 
with a span of 250 ft. The original draw- 
ings of elevations, sections and details are 
presented along with the author’s discus- 
sion of his designs. Major features of 
enough of the program’s designs are pre- 
sented to insure that most of the new, 
important and useful information devel- 
oped for the program is included. 

The book is divided into chapters cover- 
ing structural types, floor systems, new 
sections, connections and details, and 
quantities and costs. This arrangement 
facilitates comparison between similar 
features of different designs. Arches, 
trusses and other types of designs are rep- 
resented in many variations. Floor sys- 
tems included concrete, steel grid and steel 
plate. New sections suggested are for 
plates, tees, beams, channels and angles 


Book Review—New German 
Handbook on Welding 


Werkstoff und Schweissung, Vol. 1, 
edited by F. Erdmann-Jesnitzer, 1002 
pages, 6'/, x 9'/: in., Akademie Verlag, 
Schiffbauerdamm 19, Berlin NW7, 1951, 
price $38.40 for two volumes. 

Material and Welding is the title of this 
new German handbook, of which the 
first of two volumes was published re- 
cently. The editor has attempted to 
assemble in these two volumes all that is 
known about welding, and has come close 
to accomplishing his objective. He is not 
content with laconic literature or catalog 
references, but constructs general ex- 
planations and discusses the ‘“why’’ of 
welding phenomena. 

The handbook is a happy blend of the 
production and research viewpoints. Each 
section of the handbook is written by a 
specialist. The sections range from highly 
scientific discussions of heat flow and 
fatigue factors to detailed descriptions of 
repair work. In genera] the contributors 
provide sound frank engineering analysis 
of welding procedures, diagnosis of defects 
and research results. The multiple 
authorship involves some lack of consist- 
ency of emphasis, but no single author 
nowadays can do justice to the broad field 
of welding. 

The editor is director of the Institute 
of Metallurgy and Materials Testing at 
Freiberg Mining Academy in the Eastern 
Zone. He also organized the large new 
Central Welding Institute in Halle. Work 
on the handbook was begun in 1945 and 
involved 56 contributors. Every con- 
tribution was reviewed and criticized by 
as many as ten other collaborators. No 
less than 8420 letters passed back and 
forth among the authors. 

The first volume deals with ferrous 
materials, the second with nonferrous 
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Fast Operation—Direct- acting magnet...short,rotary low Power Consumption — Magnet coil requires 
il] operate UP to 600 times pet minute. only 38 V-A. at 60 cycles --- inrush 215 V.A. 
ze only 5%" x 6%" x 4" 


pact— Overall si 


motion . - Wt 
,—Internal port areas greater 


Fast Air Movemen 
than pipe area. - - minimum resistance to flow 
speeds 4 Accessible _Valve body and magnet structure 
movable witho 


designed to get maximum respons 
ut disturbing pipe connections - - - 


from welding guns oF stationary machines. 
magnet coil easy to change. 


position - - cast 


re-balanced rotor - 
_ spring BB Easy installation — Mounts in any : 
nting reduces possibility of 


Long Life — Pressu _ hardened 


oilite pivot bearings - - 
base with 3-point mou 


magnet parts .-- 
loaded vanes to provide positive it seal after 
millions of operations. distortion. 
Write for Bulletin 9043 Type Cc, Square D Company, 
4041 N. Richards Street, Milwaukee 12, Wisconsin 
i 
T ++ dis 
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metals and German welding codes. The 
Five out- 
standing sections in the first volume are 
(1) “The Theory of Are Welding,” by 
H. Le Comte and W. Roll; (2) a 50-page 
Application of the Simili- 
tude Principle to Heat Flow Problems in 
Welding,” by H. Hagen; (3) 80 pages on 
“Filler Metal for Gas and Are Welding,” 
by K. L. Zeyen; (4) 60 pages on ‘’Thermit 
Welding,”’ by W. Ahlert; and (5) 90 pages 
on the “Shape Aspect in Design of Welded 
Structures,’’ by A. Erker and A. Thum. 

These sections alone would make the 
handbook a valuable addition to a weld- 
ing library. 

Book review prepared by G. E. Claussen, 


index is in the second volume. 


section of the * 


Gloves 


\ll-leather heat-resistant gloves, said to 
be able to “take” 
F, are described and pictured in a new 
bulletin offered by the distributor, Mine 
Safety Appliances Co., Pittsburgh 8, Pa. 

The gloves, manufactured by Liberty 
Dressing Co., Gloversville, N. Y., are said 
to be pliable, durable, comfortable and 
economical. They are the development of 
nearly 10 years of research, the bulletin 
Soft, flexible leather impregnated 
with insulating and refractory materials is 
used. In seam construction guards the 


temperatures up to 800° 


states. 


WAGNER 


ELECTRODE HOLDERS 


The perfect team- 
mate for WAGNER 
GROUND CLAMPS 


RESIST ARC HEAT 


Copperhead Tip Insulation oper- 
ate near 6,000° heat. 


Patented channel construction 
flushes heat radiation twice as 
fast. 


FULL CURRENT DELIVERED 


Wagnerloy Construction results in 
high conductivity, longer service. 


cos. 


350 W. Ist SOUTH ST. 
JACKSON, MISSOURI 
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threads against undue wear. The inner 
lining, of soft, selected leather, is sewed 
into finger tips to prevent separation when 
gloves are removed from perspiring hands. 
Models featured in the bulletin are 113G 
for temperatures up to 500° F, 213G with 
reinforced preshrunk palm up to 800° F, 
extra-long (13-in.) models, and outseam 
reversible mitts of similar construction. 

Details, including prices, are contained 
in the bulletin, available without charge or 
other obligation from Mine Safety Appli- 
ances Co., Braddock, Thomas and Meade 
Sts., Pittsburgh 8, Pa. 


Weight-Strength Analysis of 
Aircraft Structures 


Weight-Strength Analysis of Aircraft 
By F. R. Shanley, Professer, 
University of California at Los Angeles and 
Consultant to The RAND Corp., meets 
the need for scientifically sound methods 
of analyzing and predicting the structural 
weight of aircraft Part I 
discusses methods by which the minimum 
weight can be determined for any material 
and conditions of loading. These prin- 
ciples of design for minimum weight are 
then utilized to derive weight equations for 
wing and fuselage structures, the subject 
matter of Part If. Part III includes 
a number of reports prepared in the course 
of investigations of new materials and 
extreme operating conditions. 

This book was published by the Me- 
Graw-Hill Book Co., Inec., 330 W. 42nd 
St., New York 36, N. Y. Its price is 
$8.50 per copy. 


Structures, 


and missiles, 


Soldering, Brazing and Welding 
Aluminum 


A new folder, just published by All- 
State Welding Alloys Co., Inc., 249-255 
Ferris Ave., White Plains, N. Y., condenses 
into small envelope-enclosure size com- 
plete instructions on how to solder, braze 
and weld aluminum and aluminum alloys. 
Covered are 15 All-State Alloys and four 
All-State Fluxes comprising what the 
manufacturer heralds as the world’s most 
complete distributor-sold line of materials 
for joining and sealing aluminum. 
Sketched briefly, but comprehensively 
enough to serve as an operating guide, are: 
precautions and good practices; fluxing 
information, including how to make flux- 
coated rods on the job; and step-by-step 
procedures for soldering, filling, sealing, 
torch brazing, furnace brazing, torch 
welding and are welding. Anyone hav- 
ing to join aluminum to aluminum or 
aluminum to dissimilar metals such as 
copper, nichrome, stainless steel and the 
like should have a copy of this new folder. 
Requests should be addressed to the com- 
pany or to any of the 650 All-State dis- 
tributors throughout the country. 


New Literature 


MANUAL @ 

ARC WELDING 
ALUMINUM 

Weldbest 43S 
Weldbest 2S 
Weldbest 52S 
TITANIUM 
Weldspool 930 
STAINLESS 
Weldspool 304 ELC | Weldbest 307 
Weldspool 308 Weldbest 308 
Weldspool 309 Weldbest 309 
Weldspool 309 Cb Weldbest 310 
Weldspool 310 Weldbest 316 
Weldspool 316 Weldbest 330 
Weldspool 321 Weldbest 347 
Weldspoo!l 347 Weldbest 349 
Weldspool 349 
STRAIGHT CHROMIUM STEELS 
Weldspool 405 Weldbest 410 
Weldspool 410 Weldbest 430 
Weldspool 420 Weldbest 442 
Weldspool 430 Weldbest 446 
Weldbest 501 
Weldbest 502 
LOW ALLOY STEELS 
Weldspool 70000 Weldbest 90 
Weldspool 90000 Weldbest 100 
Weldspool 120000 Weldbest 230 
Weldbest 260 
HARD SURFACING 
Weldbest 139 (14% 
Mn) 

NON FERROUS ALLOYS 
Weldspool 600-Cu Weldbest 610 SiBr 
Weldspool 610-SiBr Weldbest 620C PBr 
Weldspool 620-PBr Weldbest 730 CuNi 
Weldspool 630-AlBr | Weldbest 760 
Weldspool 730-CuNi Cast Iron 
Weldspool 770 Weldbest 770 

Nomel Nome! 
Weldspool 780 Weldbest 780 

Niconel Niconel 
Weldspool 790 Weldbest 790 

Nickel Nickel 


Weldspool 43S 
Weldspool 25S 
Weldspoo! 52S 


ELECTRODE WIRE: Chemically Procemed-Pre- 

ELECTRODES. Lime DC—Titanie AC-DC—LIME 
AC-DC 


ALSO MANUFACTURERS OF: 

WELDWIRE: GAS WELDING RODS 
WELDBEST ARC OXYGEN CUTTING RODS 
WELDBEST: UNDERWATER ARC OXYGEN 


RODS 
WELDBEST; ARC OXYGEN’ ELECTRODE 
HOLDER 


AND 
WELDBEST DEEP PENETRATING 
ARBON STEEL ELECTRODE 
Send for Technical Literature 


WELDWIRE COMPANY, INC. 


N. W. Cor. Emerald & Hagert Sts. 
Philadelphia 25, Pa. 
Phone: Garfield 3-1232 
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CURRE 


abstracts of 


T WELDING PATE? 


Printed copies of patents may 


2,611,848 
Worth, Tex. 


Heat 


Oliver Ross Smith, Fort 


{ADIANT WELDING 


Welding equipment for use in welding 
pipes is disclosed in this patent, and the 
equipment includes a cylindrical casing 
adapted to be positioned about the abutted 
ends of two sections of pive supported in 
end-wise abutted relation. The casing has 
semi-circular elements forming side walls 
for supporting the casing on the pipe sec- 
tions, and semi-cylindrical elements form- 
ing a cylindrical wall. Other means con- 
nect the cylindrical wall to the side wall 
for circumferential movement about the 
pipe sections. Substantially semi-circular 
electrodes are carried by the cylindrical 
wall in radially spaced relation to the 
abutted ends. 


Srup’’—Ted Nel- 
son, San Leandro, Calif., assignor to 
Gregory Industries, Ine., a corporation 
of Michigan. 


Nelson’s pate nted welding stud has an 
aperture in the welding end thereof and a 
slug of welding flux is expanded against 
the sides of the aperture to fix the slug in 
the aperture. 


2,612,580 
paratus”’ 


“Welding Method and Ap- 

taymond C. Andersen, Lom- 
bard, Ill, assignor to Chicago Metal 
Hose Corp., Maywood, IIL, a corpo- 
ration of Illinois. 


In this patent, a method of welding a 
metal tube from strip material by making 
a longitudinal seam in the strip material is 
disclosed. The method 
ranging an elongated electrode in the tube, 


comprises ar- 


prov iding an elongated filament electrode 
and engaging the outer surface of the tube 
to be welded against the filament elec- 

The tube and 
moved through 


trode at a welding station. 
elongated electrode are 
the welding station while passing current 
between the electrodes and while con- 
tinuously pressing the filament electrode 
Thereafter the filament 
electrode is removed from contact with 
the tube. 


against the tube. 


2,612,581 Rep”’— Harold 
Robinson, Somerville, N. J., assignor 
to Air Reduction Co., Inc., New York, 
N. Y., a corporation of New York. 


“WELDING 


A composite welding rod comprising at 
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prepared by V. L. Oldham 


least one element of aluminum and at 
le ast one element of copper 1s covered In 
this patent. The several elements are 
uniformly and closely associated through- 
out the length of the weld rod and the pro- 
portion of aluminum present is at least 


7.5% but is not over 20% by weight 


2,612,582 Combined Are Welding Elec- 
trode Holder and High Fre quency Gen- 
erator’—William Arnold Appleton, 
Wembley, assignor to Are 
Manufacturing Co. Ltd., London, Eng- 
land. 


Engl and, 


A special electrode holder for use in ar 
welding is disclosed in this patent and the 
holder includes a conducting end piece 
which has means for securing an electrode 
thereto. A high-voltage, high-frequency 
generator is positioned within an insulat- 
ing container in the electrode holder and 
provides high-frequency electrical energy 
for flow to the conducting end piece for use 
in welding operations 


2,612,583 
of Producing Same’”’ 
nard, Chicago, Tl. 


‘Are Welding Rod and Method 
Arthur A. Ber- 


The welding rod of this patent is made 
from rimmed steel reduced in cross-sec- 
tional area by cold working in stages. The 
reduction in each stage is not greater than 
20% and the final cross-sectional area is 
not substantially more than 25% of the 
initial cross-sectional area. The steel is 
maintained below the temperature detri- 
mental with respect to the arc-influencing 
effect of the cold working. 


2,612,584 Inert Gas Torcn” 

John P. Morrissey, East Orange, N. J., 

assignor to General Electric Co., 
poration of New York. 


cor- 


The patented welding torch has a ce- 
ramic nozzle for directing a gas flow about 
the are and it has an electrode extending 
through the nozzle from the torch A 
heat-resistant tube having an internal 
diameter larger than that of the electrode 
is secured to the ceramic nozzle and has a 
plurality of holes in the wall thereof 
These holes extend from the inner to the 
outer wall of the tube in the direction of 
flow of an inert gas provided to the torch. 
Thus a flow of inert gas is directed along 
the electrode toward the work to be welded 
to cool the tube and prevent oxidation of 


the tube. 


Current Welding Patents 


be obtained for 25c from the Commissioner of Patents, Washington, D. C. 


2,613,015 
TION” 


‘Wetpep Tank ConstrRuc- 
Leonard Mathew Keating, Mil- 
waukee, Wis., assignor to A. O. Smith 
Corp., Milwaukee, Wis., a corporation 
of New York. 


This patent relates to a hot water tank 
that has a generally cy'indrical shell and 
an end head. The tank has a ceramic 
enamel lining with a nonmetallic corrosion- 
resistant gasket disposed between the shell 
and the end head at overlapping sections 
thereof. 
the shell and head ends together around 
the tank. 


An electric resistance weld joins 


Macuine” 
Charles A. Babbitt, South Gate, Calif., 
assignor to Cal-Metal Corp., 
Calif., 


Torrance 
a corporation of California, 


\ pipe forming and welding machine is 
covered in this patent and includes a plu- 
rality ol pairs of cooperating rollers for 
gripping and feeding a pipe blank which 
has a longitudinally extending slit therein 
Certain of these rollers engage the pipe 
blank in special relation to the marginal 
edges of the blank, and the first driven 
roller has a greater peripheral speed than 
the succeeding rollers whereby a blank fed 
to the machine in spaced relation to a pre- 
ceding blank will catch up with and abut 
against such preceding blank The ma- 
chine has automatic means for welding a 
seam in the blank to produc ea pipe. 


2.613,304—‘Welding Rod or Wire”’ tene 
D. Colinet, Philadelphia, Pa. 
to LaSoudure 


, assignor 

Electrique Autogene 
S.A., Brussels, Belgium, a Belgian com- 
pany. 

Colinet’s welding rod or wire has an ag- 
gregation of solid fluxing particles dis- 
persed throughout a continuous solid mass 
of a matrix metal of substantially higher 
melting point than the fluxing particles. 
The solid fluxing particles are not fused in 
contact with the molten matrix metal 
The metal has a structure indicative of fast- 
cooling casting followed by mechanical 
compression in the plastic stage. 
2,613,305—‘Welding Device’’—-Robert 

W. Clack, Lafayette, Calif., 
to the United States of America as rep- 
resented by the United States Atomic 


assignor 


Energy Commission. 


This welding device has an evacuated 
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chamber with means for inserting a pair 
of metallic parts to be welded in the 
chamber. High-frequency voltage is con- 
nected between the parts and voltage con 
trol means are connected to the voltage 
source for setting the voltage between the 
Other 
means in the device foree the parts into 
contact after heating of the parts by multi- 


parts to produce multipaction. 


paction therebetween. 


2,613,353 Hetmer wirn Air 
Pressure Responsive Ey: 
Prorecriveé Lens’ -Walter A. Schnitz- 
ler, Emerald, Wis 
This patented shield unit relates to a 

welder’s head shield which has a shiftable 

intiglare lens for pesitioning in front of the 


Such lens is controlled by 
an inflatable bag, the inflation of which is 
controlled through a mouthpiece that per- 


welder’s eves 


mits the wearer of the shield to blow air 
through the mouthpiece and into the bag 
for changing the position of the lens 


2,614,146 —‘Seam Welder Head’ —-Edwin 
\. Mallett and Melvin M. Seeloff, 
Warren, Ohio, assignors to The Taylor- 
Winfield Corp., Warren, Ohio, a cor- 
poration of Ohio, 

This patent relates to apparatus for ro- 
tatably supporting and conducting welding 
current to a rotary electrode of an electric 
resistance welding machine, This machine 
has a projecting rigid support with a 
spindle journaled therein and extending 


outwardly of opposite sides of the sup- 
port. A hollow conductor encases the 
free end of the support and has aligned 
bores in opposite walls thereof for the re- 
ception of portions of the spindle so that 
the conductor is floatingly mounted in the 
spindle for axial movement thereon. A 
rotary electrode can be positioned on one 
end of the spindle and the positioning 
means for the electrode are adapted to 
provide a predetermined pressure engage- 
ment between an adapter ring on the 
spindle and current-conductive ring 
secured to the conductor and brought into 
pressure contact with the adapter ring by 
movement of the conductor axially along 


the spindle. 


LIST NEW 


Effective October 1, 1952 


ANTHONY WAYNE 


Alley, Richard Lee (B) 
Alley, Robert (B) 

Keep, Winfred A.‘ B) 
Terry, Lloyd E. (B) 


BOSTON 


Brimblecom, Frank C. (B) 
Huggins, Robert A. (D) 
Weidig, Edwin F. (B) 
Wood, George H. (B) 


CHATTANOOGA 


La Barbera, Joe (C) 


CHICAGO 

Adgate, F. N. (B) 
Collins, Thomas 8S. (B) 
Dekker, Roger W. (B) 
Jacobs, W. H. (B) 
Kellan, Edwin F. (C) 
Kolb, Ray M. (C) 


CINCINNATI 


Filer, Roy C.(C 

Fox, Charles FE. (C) 
Furnish, Gilbert (C) 
Walz, Howard (C) 
Wilson, Charles D. (C) 


CLEVELAND 


Adair, David C. (B) 
Besemer, John 8. (C) 
Fenner, James E. (C) 
Shaw, Harold (B) 
Smith, William D. (D) 


COLORADO 

Peltz, Peter (B) 
DETROIT 

Batuk, Claude A. (C) 
Lachner, Robert (C) 


Olsen, Edward F. (B) 
Shearer, Thomas W., 


EAST TEXAS 


Emerson, Thomas A. (D) 
Turner, Harold H. (D) 


HARTFORD 


Colella, Freeman T. (C) 
French, Robert L. (B) 


HOUSTON 
Monroe, Dewey J. (C) 


INDIANA 


Blanck, Walter H., Sr. (B) 
Blyt', Ervin W. (B) 
Murray, Clifford R. (B) 


IOWA-ILLINOIS 


Bovin, Alex (B) 

Bowe, William J. (C) 
Briehl, Neil J. (B) 
Carnaghi, John (B) 
Castle, Clarence (C) 
Crelly, Jack W. (C) 
DeDecker, Peter (B) 
Devinney, Andrew G. (C 
Dodge, Vaughn A. (B) 
Fairley, William H. (B) 


Jr. (B) 


Faust, M. W. (B) 
Findlay, Joseph T. (C 
First, Harry V.(C) 
Fruit, Glen O. (B) 
Geisler, Warren (B) 
Gustafson, A. R. (B) 
Hawkins, Herbert L. (B) 
Henry, Ray (B) 

Ingalls, Alpheus A. (B) 
Ingram, Orville W. (B) 
Jacobs, Albert H. (B) 
Kauss, George J., Jr. (B) 
Larrance, Harry (B) 
Lindsay, Robert T. (B) 
Lingafelter, John W. (C) 
Long, Virgil K. (B) 
Martin, Henry I. ( 
MeVey, James F. (B) 
Milam, Willard L. (C) 
Miller, Clyde 8. (B) 
Morgan, Stanley B. (B) 


Nauschultz, William C. (C 


Oneth, Ernie (B) 
Pahl, Charles H. (B) 
Paustian, George (C) 
Plunkett, Stewart V.(B) 
Rathjen, Edwin H. (B) 
Reck, George W. (B) 
Roeh, Henry (B) 
toemer, Peter (C) 
Sanders, Lee L. (B) 
Schaecher, Joseph H. (C) 
Schellhous, Dean (B) 
Shewry, Charles W. (B) 
Shugars, John W. (B) 
Smith, 8. J.(B 
Smithers, John A. (B) 
Snyder, Carl V. (B) 


) 


Sulser, Erwin (C) 
Swinburn, Tom A. (B 
Tracy, Wendell (C) 
Williams, Don E., Sr. (C) 
Willwerth, Charles W. 


KANSAS CITY 

Hoyt, Rebert L. (B) 

Rode, Harry J. (C) 
Wehner, Joe (C) 

LONG BEACH 

Fogleman, John W. ( 
Maither, Archie F. (B) 
Manson, Charles J. (C 
Ronk, Edmond W. (C 
Starkey, Gerald Wayne (C) 
LOS ANGELES 

Harding, Wallace C. (C 
Henderson, Charles R. 
Neufeld, Arthur W. (C) 
Redfern, Harry J. (B) 
Snyder, Paul J. (C) 
Thompson, A. M. (B) 
Williams, Arthur J. (B) 


LOUISVILLE 
Widman, Stanley (B) 
MARYLAND 


Mack, Howard G. (C 
Walker, Robert (C) 


MILWAUKEE 
Lang, Don (C) 
Linnehan, John J. (B 
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WELDING STAINLESS STEELS, 
ONE BRAND NAME IS OUTSTANDING! | 


WE HAVE THE RIGHT ROD FOR 


EVERY STAINLESS WELDING JOB ARC WELDING 


ELECTRODES 


ARCALOY electrodes produce consistently 
better welds on all grades of stainless steels .. . 
weld deposits containing the proper alloy 
balance. As a result, metals retain their 
corrosion-resistance qualities. There 
ore 23 regular analyses... plus 
several special analyses... to cover 
every stainless application. 

For complete details, request 

Bulletin 5751. 


TWO BASIC COATINGS: 


LIME -for faster all-position weld- 
ing, with DC reverse polarity. 


AC-DC -for smoother welding of 
chrome-nickel steels with all types 
of AC or DC welding equipment. 


Rp 10 TRADEMARK electrodes. Write for Bulletins on these products. 
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Schafer, Robert Frank (B) 
Stroessenreuther, Roy (B) 


NEW JERSEY 

Hackett, William P. (B) 

Kea, Kirk I., Jr. (B) 
Mercurio, Salvatore P., Jr. (B) 
Schendorf, John (B) 

Spinelli, Carmen F. (C) 
Waugh, Harold C. (C) 


NEW YORK 


Auer, Emil (C) 

Kiel, Walter A. (C) 
Liggera, Carmelo (B) 
Munroe, Ethelmer 8. (B) 
Obrzut, John J. (C) 
Seip, Henry F. (B) 
Walsh, John J. (B) 
Zylinsky, Charles W. (B) 


NIAGARA FRONTIER 
Moore, John R. (B) 
Saxton, Robert J., Jr. (B) 
NORTHERN NEW YORK 
Moran, John W. (C) 
NORTHWESTERN PENN- 
SYLVANIA 

Bittler, Wallace P. (C) 
Kaminski, Edwin (C) 
Patterson, Archie A. (C) 
OKLAHOMA CITY 
Wedel, Paul (C) 


PASCAGOULA 


Anderson, Allen O. (B) 
Bebler, Stanley M. (C) 


Davis, E. C. (C) 

Forde, Robert K. (B) 
Jones, M. H. (C) 

Kelly, J. E. (C) 

Miller, Joseph K. (B) 
Moncrief, E. L. (C) 
Peattie, D. G. (B) 
Tillman, Troy B. (C) 
Tonsmeire, Henry B. (B) 
Wages, F. A. (C) 


PEORIA 


Hill, Edward E. (C) 
Johns, Harold D. (C) 
Parker, Raymond W. (C) 


PHILADELPHIA 


Aarts, Cornelius (C) 
English, Lawrence P. (C) 
Gage, Carl C. (C) 

Johnson, Wallace C. (B) 
Maladra, Anthony (C) 
Masterson, Henry Hart (B) 
Ritter, R. Kenneth (C) 
Taylor, Rex A. (C) 

Vencius, Albert J. (C) 
Wheaton, Willard E., Jr. (B) 


PITTSBURGH 


Falgione, Nicholas F. (C) 
Taylor, Dana M. (B) 


PORTLAND 


Gavigan, Lee T. (B) 
Lewis, Robert 8. (B) 


PUGET SOUND 
Snider, William E. (C) 


ROCHESTER 
Cimino, Vincent J. (C) 


SAGINAW VALLEY 


Adams, Donald C., Jr. (C) 
Haring, Jerry W. (C) 
Huntoon, Roy (C) 
Wesolowski, Joseph (C) 


ST. LOUIS 

Smith, F. Raymond (C) 
SALT LAKE CITY 
Bradley, R. 8. (B) 
SAN FRANCISCO 


Buckwalter, J. L. (B) 
Erichsen, Wallace J. (C) 
Raymond, W. V. (B) 

Van Tuye, W. L. (C) 
Waller, Colonel J. (B) 
SUSQUEHANNA VALLEY 


Hoffman, Henry L. (C) 
Williams, William J. (C). 


SYRACUSE 
LeFevre, H. J. (C) 
TULSA 

Herod, Robert G. (C) 


WESTERN MASSACHU- 
SETTS 

Ferenczi, Russell Howard (B) 
WESTERN MICHIGAN 
Turpin, A. T. (B) 
WICHITA 

Woerner, I. A. (B) 


WORCESTER 


YORK-CENTRAL PENN- 
SYLVANIA 


Koons, Robert E. (C) 

NOT IN SECTIONS 
Anderson, R. J. (B) 

Burton, Raymond E. (B) 
Cartlidge, Willard A. (C) 
Hall, Hubert Tivnann (B) 
Pryce, A. A. (B) 

Sack, Malcolm Dean (B) 
Members reclassified 
During the month of October 
CHICAGO 

Bloomfield, Carl W. (D to C) 
DETROIT 

Robinson, James M. (C to B) 
IOWA-ILLINOIS 

Palmer, W. Leroy (B to A) 
LOS ANGELES 

Burnside, True (C to B) 
LOUISVILLE 

Spotts, Francis E. (C to"B) 
MILWAUKEE 

Myers, Robert D. (D to C) 
NIAGARA FRONTIER 
Jennings, C. H. (B to F) 
PHILADELPHIA 

Davis, Charles H., Jr. (C to B) 


SAGINAW VALLEY 
Hoffmeyer, Paul (C to B) 


WESTERN MASSACHU- 


Handy, Roy E., Jr. (B) 
Jamnbeck, Allan A. (B) 
Jamnbeek, Tygo A. (B) 


Fischer, James H. (C) 
Moore, William H. (C) 
Perlock, James (C) 


Bovette, Herbert 8S. (C 
Chapple, Joe M (C) 
Davis, Andrew G. (C 


SETTS 
Trombley, William (C to B 


SPECIAL PACKAGE OFFER—AWS CODES AND 
STANDARDS 


The Soctery has made available a “package” arrangement whereby any individual, library or com- 
pany may purchase a complete set of codes, standards, specifications and books on welding published 
by the Sociery and covering the subjects of Fundamentals of Welding; Training. Inspection and 
Control; Processes; and Industrial Applications. Complete set of these publications are listed un- 
der general classifications A, B, C and D of the 1952 Order Form which will be furnished upon re- 
quest. In addition to these existing publications, two binders are supplied for containing same and 
a 10-year service is provided whereby the subscriber automatically receives new or revised standards issued 


during the next 10 years. 

This complete “package” of present publications, binders and 10-year service is available to compan- 
ies who support the Socrery through Supporting Company membership at a price of $25; members 
enrolled in the Member (B) Grade classification as well as libraries (public, school or other endowed) 
at a price of $35; members enrolled in the Associate Member (C) Grade classification at a price of $39 
and to nonmembers of the Socrery at a price of $50. 

In the instance where the 10-year service alone is desired (no binders or existing standards furnished), 
the price to Supporting Companies is $10; “‘B’’ members and libraries $17; “C’’ member $19 and 
nonmembers $27. 

Your order should be accompanied by either check, money order or company purchase order and 
mailed to AMERICAN WELDING Soctety, 33 W. 39th St., New York 18, N. Y. 
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R. D. Wasserman Elected to 
Young Presidents’ Organization 


The membership committee of the 
Young Presidents’ Organization has ad- 
vised of the unanimous election of R. D 
Wasserman, President of Eutectic Welding 
Alloys Corp., Flushing, N. Y., to member- 
ship in that organization 


The Young Presidents’ Organization is 


an interesting, unique and exclusive group 
of voung Americans. To be a member, a 
man must have become president, before 
reaching the age of 39, of an industrial or 
service corporation doing a minimum of 
$1,000,000 gross business. annually plus 
other qualifications. 4 

( Ihbjectives of the organization are three- 
fold, namely: personal friendships, ex- 
change of ideas and to take aggressive ac- 
tion in support of those principles that will 
further the development of individual in- 


centive, 


RWMA Prize Winner 


Warren F. 
paper winning first prize from & university 


Savage, co-author of the 


source, was born in Harvard, Mass 
Mar. 10, 1922 
of Bachelor of Chemical Engineering in 
1942, and Master of Metallurgical Engi- 
neering in 1948 from 
technie Institute. After serving as 
Metallurgical Engineer for Adirondack 
Foundries and Steel in Watervliet, N. Y., 
from 1942 to 1944, he returned to Rens- 
selaer, where he was employed con- 


He received the degrees 


Yensselaer Poly- 


DecemMBerR 1952 


secutively as a Research Fellow, an In- 
structor and is at present employed as an 
Assistant Professor in the Department of 
Metallurgical Engineering. He serves in 
the capacity of Consultant for sever i] con- 
cerns, including the Oak Ridge National 
Laboratory at Oak Ridge, Tenn. He has 
published several papers in the field of 
are and resistance welding He is a 
member of Phi Lambda Upsilon, Sigma 
Xi and is at present! chairman of the 
Eastern New York Chapter of the Ameri- 
can Society for Metals 


F. L. Blodgett Advanced 


Advancement of F. L. Blodgett from 


Personnel 


AMPCO-TRODE 


Hard-grade Electrodes 


The fight against costly wear is a 
never-ending struggle. But a 
great many are winning the 
battle with these four Ampco- 
Trode hard-surfacing aluminum 
bronze electrodes 


Ampco-Trode 160— for re- 
1 air or fabrication over- 
. ays on bearing surfaces 
subject to shock, impact, 
and wear. Brinell hard- 

ness 160 average 


Ampco-Trode 200— for re- 
pairs and maintenance 

2. or fabrication overlays 
on machine parts subject 
to unusually severe serv- 
ice. Brinell hardness . 
200 average 


Ampco-Trode 250 — for 

3 overlays on bearing or 

. wearing surfaces work- 

ing against hardened 

steel under pressure 

Brinell hardness. . . 250 
average 


Ampco-Trode 300 — for 

overlays on forming and 
- drawing dies and other 
metal-to-metal wear sur- 

faces. Eliminates scratch- 

ing and galling of the 

work. Brinell hardness 

300 average. 


These are four low-cost ways to 
beat wear. Keep a supply of these 
electrodes on hand. Then you can 
choose the right rod for your 
needs. For further information 
consult your Ampco distributor 
or write us 


AMP( 


Co w-119 


® 
AMPCO METAL, INC. 
MILWAUKEE 46, WISCONSIN 
West Coast Plont: Burbank, California 


17'S PRODUCTION-WISE TO AMPCO-(ZE! 
U. S. Pat. Off. 
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the post of Manager of the Hard-Facing 
Division to Assistant General Sales 
Manager of the Alloy Rods Co. was an- 
nounced by E. R. Walsh III, General 
Sales Manager of the company. The 
appointment was effective October Ist. 

Mr. Blodgett has been associated with 
various phases of the welding industry for 
the past 15 years. In his new post, he 
will be closely associated with national 
distributor activities, and the merchandis- 
ing and advertising programs of Alloy 
Rods. His headquarters will be at the 
factory in York, Pa. 


Boss Made Regional Manager 


Robert Boss of 1716 Ridge Road East, 
Rochester, N. Y., has been appointed Re- 
gional Manager for All-State Welding 
Allovs Co., Ine., to cover all of the state of 
Ohio and the western portions of New 
York and Pennsylvania. Announcement 
of this appointment was made by Bent 
Laune, President, at the Company's of- 
fices, White Plains, N.Y 

Mr. Boss will be responsible for sales 
and service to the users and distributors of 
All-State alloys and fluxes in his area. He 
will be the contact man for All-State’s 
metallurgical resources and experimental 
laboratory which provide technical assist- 
ance for the solution of all manner of prob- 


TWECO CABLE 
CONNECTORS 


—SOL-CON” (solder type) 
—"MEC-CON” (mechanical) 


Quick-detachable connectors. Add 
on cable. Take off cable. Attach 
holder whip cables. Split male plug 
permits adjusting spring tension 
for electrical contact. Two sizes, 
Sol-Con; three sizes, Mec-Con for 
#6 through 4 0 cable. 


Tweco ‘Sol-Con” and “Mec-Con” plugs ht 
the female part of Tweco Terminal Connec 
tors for quickly connecting cables to the 
welding machine and to switch polarity. They 
are COMPANION ITEMS 


see Your Welding Supply 
Distributor 


wer? 


PRODUCTS COMPANY 


BOSTON AT MOSLEY 
WICHITA, KANSAS 


lems having to do with the welding, braz- 
ing, soldering, tinning and cutting of 
metals for maintenance, reclamation, con- 
struction and production of metal parts 
and equipment 

Having been in the welding field since 
1936 except for three years in the Air 
Foree in Alaska, South America, Africa 
and England, Mr. Boss is particularly well 
equipped for his new responsibilities. He 
has served the field a5 a highly skilled 
welder, in an engineering capacity and as a 
supply salesman. Previous to joining the 
All-State organization, he was a represen- 
tative for Jackson Welding Supply Co. in 
Rochester 
ter Section of the Amertcan 
Soctrery and has been on their executive 


He is a member of the Roches- 


committee for the past two vears 


JANUARY 2 TO 31 


Personnel 


New Performance : 
and Dependability 
Standards with WW! 


SEAM 
WELDING 


WHEELS 


Seam welding wheels of any size 
are available in Weiger-Weed 
high strength, high conductivity 
alloys. To facilitate delivery, 
Weiger-Weed normally maintains 
a basic stock of many sizes of wheel 
blanks in finished form, or in rough 
form for user to finish machining. 
Generally, users find it more 
advantageous to order wheels 
completely finished. 
We try to make wheel blanks 


available from stock for finish- 


ing to the following sizes 


Diameter: 7” 8” 10” 10” 
Thickness: 35” 3,” 14” 34” 14” 


Other sizes available on request. 


WHEELS ARE SUPPLIED IN WW-1, WW.2 AND 
WW-3 ALLOYS—(R.W.M.A. 
] CLASSES 1, 2 AND 3) 
22802A 
WEIGER-WEED & CO. 
Division. of Fonsteel Metallurgical 


Corp. + 11644 Cloverdale Avenue * Detroit 4. Michigan 
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—SRCTION NEWS AND BVENTS 


Resistance Welding 


Chicago, Ill. The monthly 
meeting of the Chicago Section was held 
on October 10th at the Peoples Gas Light 
& Coke Auditorium. Dinner at Burke's 
Grill & Restaurant preceded the technical 


regular 


meeting 

Dean L. Knight, AWS, Chief Engineer, 
National Electric Welding Machine Co., 
Me As- 
uring for Good Resistance Welding.” Vir 


was the speaker. His subject was 
Knight spoke on new machine develop- 


ments, new design, problems ol in- 
strumentation and how they are ap- 
proached Mr 


between sales, engineering and the cus- 


Knight acts as lialson 
tomer He has the viewpoint of user as 
well as manufacturer, 

\ film showing the local AWS Gol! 
‘Tournament was also shown and enjoyed 
all 


Pipe Line Movie 


Cincinnati, Ohio. Messrs. Rudolf 
Kraus @WS and William Maddox A 
presented an extremely interesting colored 
movie showing many of the problems and 


events incident to the construction o 
1300-mile 
welding made such pipe lines possible, this 


pipe line by welding Since 
picture was of interest to the entire 
fraternity Slides collected by Mr. Kraus 
were also shown during the discussion 
period. These showed a large number of 
actual construction practices which wer 
fabricated by welding. 

The above took place at the regular 
monthly meeting of the Cincinnalt Section 
held at the Engineering Society head- 


quarters on October 28th. 


Low Hydrogen Electrodes 


Cleveland, Ohio.— The Cleveland Section 
opened fall activities on October 8th with 
an excellent turnout of 150 persons for 
dinner and the following technical session 
Chairman Frank Flocke AWS opened the 
meeting after dinner outlining the program 
tor the second Wednesday of the month 
meetings to be held through May 1953. He 
introduced the Board of Directors and 
Committee Chairman. The services of 
Past Chairman John Austin were recog- 


nized and acknowledged with thanks 
Following these introductions and a 
brief talk by Membership Chairman John 
Rogos BW the meeting was turned over to 
Howard Schnell, Coffee Speaker Chairman, 
Cliff Lewis, a 


six-vear veteran of the Cleveland pro 


to introduce the speaker. 


DecemBer 1952 


as relayed to C. M. O’Leary 


fessional football team, the Browns, pre- 
sented his personal reactions to the team 
members and their prospects for the year 
He followed his comments with a movie of 
the game highlights of the 1951 season 
The technical session got underway at 
8:30 with Lew Gilbert @VW9, Chairman of 
the Program Committee, introducing the 
speaker of the evening, D. L. Mathias OW 
Arcrods 


His subject was the development of low 


Research Department, Corp. 
hydrogen electrodes and an explanation of 
the correct procedure s for their use 

Mr. Mathias clearly defined the advan- 
tages of this ty pe of electrode, stating that 
failure to achieve maximum performance 
from them was usually because of a lack of 
underst inding of the requirements for 
their application 

He emphasized the Importance ol main- 
taining low moisture content in the coating 
by proper storage and handling; warned 
igainst slag entrapment in narrow grooves; 
llustrated proper joint design to account 
for the lower are voltage and less wetting 
action of the electrodes; pointed out the 
necessity tor striking the are ahead of the 
start of the joint tolet a crucible form in the 
coating at the tip of the electrode; demon- 
strated the need for holding «a short are, 
slower travel speed and straight motion 
when welding vertical! He closed by 
stating that these electrodes are not a cure- 
all for a universal electrode but have very 
definite advantages for welding steels 
normally considered difficult to weld. He 
re-emphasized that because of the heavy 
coating used and the design of the coating, 
special attention is needed to procedures 

The meeting closed with a lively question 
period in which Mr. Mathias generously 
shared his knowledge of electrodes with 
the audience 


Tentative Dallas Program 


Dallas, Texas.At a meeting of the 
Executive Dallas 
Section held on Tuesday, October 14th, 


Committee of — the 


the following temporary line-up of speakers 
and programs for the remainder of the vear 


was given 


December 16th—Dinner meeting fol- 
lowed by plant visit at Fritz W 
Glitsch & Sons 

January or February—D. C. Smith has 

“Proper 

Definite 
time ind date will be announced soon 

March Reed 
Engineering Co 

April-—-Charles H. Jennings OWS of the 
Westinghouse Corp 


been invited to talk on 
Selection of Welding Rods.” 


Ralph Triman of the 


Section News and Events 


May—An attempt is being made to get 
4 speaker on maintenance welding 


Plant Visit 
Dayton, Ohio.— An excellent plant Visit 
to the Moraine Products Division, GMC, 
manufacturers of hydraulic brake equip- 
ment, bearings and powdered metallurgy 
was made on October 14th by 38 members 


of the Dayton Section 


Submerged Melt Welding 


Denver, Colo.-_D. C. Ransone of the 
Linde Air Products Co., a division of 
Union Carbide & Carbon Corp., 


guest speaker at the October 21st dinner 


was the 


meeting of the Colorado Section held at the 
Shirley-Savoy Hotel Mr 

talk on Submerged Melt 
covered a brief history 


tansone s 
Welding’ 


of the process, 4 


thorough discussion of the present state of 
mechanical development and an en- 
lightening preview of future prospects 

In place of the usual coffee spe aker the 
AWS film ‘‘Applied Welding Engineering” 
was shown. The membership enjoyed the 
film and was particularly impressed with 
the amount and scope of printed informa- 
tion which the AWS makes available to its 
members. Everyone seemed to feel that 
these pamphlets contain a large fund of 
very practical information which they had 
been overlooking in their endeavor to 
solve many of their daily welding problems 


Plant Tour 


Des Moines, Iowa.—-The October meet- 
ing of the Jowa Section held on the 23rd 
Was 4 plant visitation to the Solar Aircraft 
Co. of Des Moines to view, in operation, 
one of the largest collections of production 
welding equipment in the United States 
Over 175 resistance welders and 60 fusior 
welding stations are in constant service 
niass producing jet-engine components. 
Approximately 110 members and guests 
were present representing a majority of the 
leading metalworking plants and welding 
distributors in the Central lowa region 
Following a cafeteria style dinner, a 
very interesting tour was made of the big 
five-story Grand Avenue plant where high- 
temperature components Of seve ral jet 
engines are manutactured The tour was 
conducted to include nearly all operations 
on the six produc tive floors Some of the 
major operations observed include shear 
ing, forming, heat treating, machining 


assembling and, of particular interest, 


welding 
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At some stage or another, practically 
every jet engine component is fabricated 
by one of the many welding processes 
Representative of the various 
processes are spot and seam weld- 
ing, projection welding, flash welding, 
manual and automatic inert-gas-are weld- 


available. 


ing, metallic-are welding, sigma welding, 
automatic submerged are welding, oxy-acet- 
ylene welding and induction brazing. In 
addition, many types of Solar-made weld- 
ing equipment were demonstrated in oper- 
ation, of particular interest were the auto- 
matic inert-gas-are seam welders and tack- 
ers, spot tackers and various welding fix- 
tures which were designed and built in the 
Plant Engineering Department. Also of 
interest to those making the tour was the 
variety of inspection processes, the plants 
chemical and physical laboratories, the 
method of quality control in assuring 
acceptable welds, the welding laboratory 
and the welding school where fusion 
welders are trained and certified to weld, 
by various processes, the many different 
types of stainless and other alloy steels 
employed. 

The members and guests were pleased 
with the tour and expressed their ap- 
preciation for the manner in which their 
guides, members of the Company's 
Welding Engineering Department, showed 
them through the plant 


Jet Engine Alloys 


Detroit, Mich.—‘‘Resistance and Are 
Welding of Jet Engine Alloys” an interest- 
ing and timely subject was presented by 
Julius Heuschkel V9 one of the outstanding 
men in the jet alloy welding field, through 
the courtesy of the Westinghouse Electric 
Corp., leader in the manufacture of jet 
engines. His talk, accompanied with 
illustrated slides, was presented at the 
October 10th dinner meeting of the Detroit 
Section held at the Engineering Society of 
Detroit 

The developments of the various alloys 
and their properties were reviewed by the 
speaker, who pointed out their field of 
application, welding problems encountered 
and their limitations. The importance of 
the subject was proved by the many 
questions which the audience asked in the 
discussion which followed. 

Mr. Heuschkel is a graduate of Montana 
State College and was associated with the 
U.S. Navy on welding research for seven 
years. For eight years he held a position 
of Manager, Welding Section, Carnegie 
Illinois Steel Co. For the past eight vears 
he has been Manager, Welding Section, 
Westinghouse Research Laboratory, Pitts- 
burgh, Pa. 

Following Mr. Heuschkel’s talk, the 
sound color movie “‘Are Welding Stainless 
was shown through the courtesy of 
Allegheny Ludlum Steel Corp.’s Detroit 
Office. This film illustrates the types of 
bead, manipulation of the are and _ pre- 


Stee!” 


cautions to be observed. 
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Tool and Die Welding 


Erie, Pa.—-Pat S. Doyen WS was the 
speaker at the technical session of the 
Northwestern Pa. Section held on October 
l4th. Mr. Doyen gave a clear-cut pre- 
sentation of the subject “Tool and Die 
Welding,” which was of interest to the 
engineer, sales and operator. 


Maintenance Welding 


Fort Wayne, Ind.T. B. Jefferson, 
Editor of Welding Engineer and Vice- 
President of District 5 of the AWS, was the 
dinner guest speaker at the October 17th 
meeting of the Anthony Wayne Section 
held at the Howard Johnson Restaurant. 
Mr. Jefferson's talk “Maintenance 
Welding—A National Need” emphasized 
the importance of maintenance welding in 
the industrial job shop and structural 
fields. Slides were shown to illustrate a 
portion of the talk. 
pumps, impellers, pump cases and other 
equipment used on the Montana dam 


The slides showed 


project in the process of reclaiming for 
continued use. The spe aker described 
many of the processes used on a diversified 
maintenance program. The meeting in- 
cluded 


members 


a lively question period where 
presented problems to the 
speaker. 

T. B. Jefferson is a graduate mechanical 
engineer from the University of Kansas 
and for the past 20 vears has been closely 
allied with welding. Since 1940 he has 
been Editor of Welding Engineer and 
Welding Encyclopedia. 


Film on Tool Steel Welding 


Grand Rapids, Mich.—A self-ex- 
planatory 35 mm film with recording was 
shown by Art Hedges QS of the Miller 
Welding Supply Co., Grand Rapids, at the 
dinner meeting of the Western Michigan 
Section held on October 27th at the Elks 
Club Cafeteria. The film was loaned by 
the Welding Equipment and Supply Co 
of Detroit and demonstrated the use of 
their “Eureka” tool steel welding rods. 

After-dinner feature wasa freedom forum 
by the Junior Chamber of Commerce of 
Ionia, Mich. 


Sigma Welding 
Hartford, Conn. 


members and guests were present at the 
October 9th dinner meeting of the Hartford 
Section held at the Rockledge Country 
Club in West Hartford. A semitechnical 
talk was given by J. M. Tippett of the 
Linde Air Products Co. who spoke on the 
subject “Sigma Welding.’ 


Approximately 63 


Manufacture of Electrodes 


Houston, Tex.—The second meeting 
of the Houston Section for the year was held 


Section News and Events 


at the Ben Milam on Oct. 29, 1952. The 
meeting was preceded by a keg, a movie 
and a dinner. The movie shown,‘Fishing 
in New Zealand,” was made by Alfred C. 
Glassell, Jr., a Houston oil man who makes 
fishing and movies his hobby. 
sented the film to the Houston Museum of 
Natural History and is was through their 


He pre- 


courtesy that we used it. 

R. K. Lee WS Vice-President of Alloy 
Rods Co., York, Pa., was the speaker for 
the evening. His talk was preceded by a 
movie on the manufacture of electrodes at 
the Alloy Rods plant. His talk illustrated 
with slides, covered the welding of stainless 
steels for the chemical and petroleum 
industry, a subject of great interest to the 
users in this vast chemical and petroleum 
area, 

Kighty-nine members and guests were 
present for this meeting. 


Schedule of Meetings 


Indianapolis, Ind.—The following is a 
schedule of meetings for the remainder of 
the season of the Indiana Section: 


Nov. 2ist, 6:30 P.M.—‘Design for 
Silver Alloy Brazing.”” Speaker: R. 
J. Metzler, Handy & Harman, New 
York, N.Y., includes film. Dinner 
Meeting. Buckley's Restaurant 
Cumberland, Ind. 

Dec. 19th—Christmas Party 
Night. Severin Hotel, Indianapolis, 
Ind. 

Jan. 23rd, 6:30 P.M.—‘“Developments 
in Resistance Welding.” Speaker: 
R. T. Gillette, Precision Welder & 
Flexopress Corp., Cincinnati, Ohio 
Dinner Meeting, Buckley’s Restau- 
rant, Cumberland, Ind. 

Feb. 27th, 6:00 P.M.—Exhibits and 
Demonstrations of Latest Develop- 
ments in Welding, W. O. Mullendore, 
Air Reduction Sales, Indianapolis 
Ind.; Culley Heffernon, Linde Air 
Products Co., Indianapolis, Ind. 
Dinner Meeting. Reuas Engineer- 
ing Co., Indianapolis, Ind. 

Mar. 27th, 6:30 P.M.—Double Fea 


Family 


ture. ‘‘New Engineering Materials, 
Metal 
Speaker: Lee Busch, P. R. Mallory 


Titanium, and Ceramics.’ 
& Co., Ine., Indianapolis, Ind. 
“Origin, Development, and Uses 
of Synthetic Gems.’ Speaker: F. 
©. Jagels, Jr., Linde Air Products 
Co., Chicago, I]. Dinner Meeting, 
Family Night, Athenaeum, Indian 
apolis, Ind. Exhibits. 

Apr. 24th, 4:00 P.M. 
Quiz Team Contest, Antlers Hotel 
Indianapolis, Ind. Social hour and 
dinner prior to contest. 

May 22, 6:30 P.M.—Plant Tour of 
CAA Facilities, Weir-Cook Airport, 
Indianapolis, Ind. Dinner Meet- 
ing, prior to tour. Dining place to 

Annual election of 


Intersectional 


be announced. 
officers. 
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Sigma Welding 


Kansas City, Mo.—In recognition of 
Oil Progress Week the Kansas City 
Section at their October 9th, dinner meet- 
ing had as a coffee speaker Dr. Marlin 
N. Volz, Dean of the School of Law, 
University of Kansas City. Dr. Volz 
gave a very informative talk entitled 
“World Oil in Peace.” He outlined the 
theory on the formation of an oil field 
and methods used in detecting and develop- 
ing the field. 
cal importance of the location of the world’s 


He then discussed the politi- 


various major oil fields. Following Dr. 
Volz’s talk, Mr. McGarry of the Stand- 
ard Oil Co., presented a film on “Oil 
for Tomorrow.” 

Speaker at the technical meeting was 
J. E. Dato of the Linde Air Products 
Co., and District 6 Vice-President. Mr. 
Dato gave an excellent talk on the subject 
“Application of Sigma Welding. He 
used both slides and movies to illustrate 
his talk. The movies were ultra slow 
motion showing the rod-to-base metal 
transfer under various operating condi- 
tions. 


Automatic Hardfacing 


Long Beach, Calif.—The October 17th 
dinner meeting of the Long Beach Section 
was held at Millers 
Ss. W arren, Factory 


Restaurant. Henry 
tepresentative of 
the Stoody Co., gave an excellent presenta- 
tion of the subject “Automatic Hard- 
facing.” Black and white slides were 
used to illustrate Mr. Warren’s talk. 
Mr. Warren is in charge of training hard- 
facing specialists. For seven years he 
has worked in welding field engineering 
He has been with the Stoody Co. since 


February 1950 


Welding Aircraft Wing Tip 
Tanks 


Los Angeles, Calif.—The highly success- 
ful meeting of the “Aircraft and Rocketry 
Welding Panel” was held on October 10th 
of the Los Angeles Section at the San 
Diego Country Club. Ninety-six members 
and guests were present at the dinner 
and meeting followed. 
Brolaski Chairman, introduced 
K. W. Maynard, Rohr Production Engi- 
neer, Mr. Maynard pointed out that the 
successful production of the P2-V Boeing 
Wing Tip Tank was due to the team work 
of the welding and tooling engineers. 

Jack Maloney 3, Production Weld- 
ing Foreman of Rohr Aircraft Co., showed 
a movie on the P2-V Wing Tip Tank. 
Narration was by Mr. Maloney. 

The movie demonstrated the various 
sequence operations of making the various 
wing Tip Tank components, specifically 


which George 


the weldment assemblies. 

The Wing Tip Tank components which 
are joined together by resistance and fusion 
welding processes are made from 61S-W 
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aluminum alloy. The tank is “tear 
drop” in shape. It mainly, 


of two half shells which are formed by 


consists, 


stretch forming 

The climax of the total operation of 
making one of these tanks is the fusion 
welding of the two longitudinal seams. 
welded 


by the inert-gas-shielded nonconsumable 


These seams are automatically 


electrode process. A very unique hold- 
down fixture holds the two shells in posi- 
tion during welding with the aid of man- 
drel connectors. The hold-down feet 
are actuated by an air pressurized fire 
hose to a contour template. The weld- 
ing head, voltage regulated, is propelled 
by a specially designed graham drive 
travel unit. The welding head is fixed 
to a vertical shaft which moves up and 
down. The vertical shaft is intergral 
with a vontour cam follower. 

All welds are 
spected by the dye penetrant method 

Many of the 


assemblies are also joined bv fusion weld- 


nondestructively —in- 
internal fuel tank sub- 
ing. In some cases a combination inert- 
gas-shir Ided are ar d oxv-hydroge pro- 
Mr. Maloney pointed 
out that when proper fit-up was hard to 


cedure is utilized 


maintain on butt-type joints the oxy- 
hydrogen welding method was employed 

Chairman H 
tended his appreciation for the excellent 


Clemens, eXx- 


meeting and the manner in which it was 
conducted. 

F. Stevenson WS, Aircraft and 
Rocketry Welding Panel Chairman, also 
extended his thanks for the wonderful 
attendance and the panel’s mutual appre- 
ciation for the eventful evening 

Headquarters Vemo Note: 
that has attended the 
activities of the AWS Los Angeles Section 
Aircraft and Rocketry Welding Panel 
has been phenomenal to say the least. 
The Aircraft Industry in Southern Calif- 
AWS Los Angeles Section and 
the Panel Officers are to be greatly com- 


The success 


institution and 


ornia, the 


mended upon their achievement. This 
Panel actively satisfies a long-felt need 
for a vehicle which would bring together 
in meeting and discussion the executives, 
engine ers and production speci ilists of the 
Aircraft Industry An example is pro- 
vided for all other AWS Sections, as many 
have specialized industrial groups which 
could be served in comparable manner 


J. G. Macratu, National Secretary 


Silver Alloy Brazing 


Louisville, Ky.—Roger J. Metzler, 
PWS, Handy & York, 


gave an excellent extemporaneous non- 


Harman, New 


technical t lk on Design for Silver 
Alloy Brazing’ at the dinner meeting 
of the Louisville Section held on October 
28th at Party 


K apfhammer’s House. 


Rockets 
New York, N. Y.—The first regular 
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monthly dinner meeting of the season 
was held on September 16th by the Neu 
York Section at Schwartz’s Restaurant. 
The subject of the technical meeting, 
“‘Rockets—their Past, Presentand Future,’’ 
was presented by Frank Coss, Project 
Engineer, Reaction Motors, Inc., Dover, 
N. J. Mr. Coss spoke extemporaneously 
on guided missiles, and rocket planes and 
how they obtain their power through the 
thrust of rocket motors. The history, 
development and future possibilities of 
all types of rockets were discussed in 
popular style. In conjunction with the 
showing recent 


presentation a movit 


developments in rocket motors including 
scenes of German V-2 rockets in flight 
was also of great interest 

Frank Coss is in charge of development 
of 6000-Ib thrust airplane rocket engines. 
He is a graduate of the University of 
California. He was formerly connected 
with the Wright 
Since 1946 he has been in the rocket field 


Aeronautical Corp 


with Reaction Motors, Inc 


Welded Buildings 
New York, N. Y.—H. W 


Consulting Engineer, read an excellent 
paper on the subjeet ‘Welding 
Structures” at the October 14th dinner 


Lawson MW 


meeting of the New York Section held at 
Restaurant. Mr. Lav 


Schwartz’s 


technica] paper was illustrated with slides 


Program of New York Meetings 


New York, N. Y.—-The following is a 
program of meetings for the Ne York 


Section for the remainder of the season 


December 9th Radiographic Stand- 
ards for Arc-Welded Joints,’”’ Alex 
ander Gobus Head, Nonce 
structive Testing, Sam Tour & Co 

January 13th Heavy Weldment Fab- 
rication,’” R. W Jennett AW 
American Locomotive Co 

Welding in Ship Re- 

Sidney Swan 


February 17th 
pair,” Principal 
Surveyor, New York District, Ameri- 
can Bureau of shipping 

March 10th—‘‘Battle of the Sections, 
Four Neighboring AWS 
Match Wits on Welding Problems. 

April 14th Developments in Weld- 
ing Low-Alloy Steels,” D. L. Mathias 
MWS, Aircrads Corp 

May—Annual Dinner and Entertain- 
ment 

Time: Social—6: 00 P.M. 

Dinner—6: 30 PLM 
Meeting—7: 30 P.M. 
Place: Sehwartz’s Restaurant, 4 


3road St., New York, N. ¥ 


Sections 


Heat in Welding 


Oklahoma City, Okla.—Dr. Robert 
T. Howard AW Sendix Aviation 


Corp., Kansas City, Mo., 


was the speaker 
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at the technical session of the September 
17th meeting of the Oklahoma City Sec- 
tion held in the Biltmore Hotel. The 
talk on “The Nature of Heat in Welding” 
was of a technical nature but was pre- 
sented in such a manner that several 
local shops requested copies for distribution 
to their supervisors, 


Welding Procedures 


Pittsburgh, Pa.—The regular monthly 
dinner meeting of the Putsburgh Section 
was held on October 15th in the audi- 
torium of the Mellon Institute of Indus- 
trial Research. A get-together at dinner 
in the Hunt Room of the Hotel Webster 
Hall preceded the meeting. E. R. Sea- 
WS, Supervisor of Field Engi- 
neering, Crane Co., Chicago, IL, opened 


bloom 


the meeting with the Crane Co.'s latest 
industrial sound movie entitled “Life 
Lines of Industry” which deals with the 
control of fluid flow and the manufacture 


of products servicing almost every indus- 
try 

Mr. Seabloom’s semitechnical address 
“Establishments of Welding 
Procedures and Qualifications of Opera- 


was on 


tors” and was of general interest to all. 

Mr. Seabloom has been affiliated with 
the Engineering Division of the Crane 
organization for many years. His activi- 
ties have ineluded laboratory develop- 
ment work, shop contacts and field con- 
truction He has devoted much time 
to design metallurgy and welding research 
ts well as practical engineering problems. 
He is first vice-president and past-chair- 
man of the AWS Chicago Section as well 
is a member of the Welding Research 
Council and other engineering societies. 


Zirconium and Titanium 


Portland, Ore. —Olaf T. Paasche, Assist- 
ant Professor, Mechanical Engineering, 
Oregon State College, and Amil Killin, 
U.S. Bureau of Mines, Oregon, were the 
guest speakers at the October 14th dinner 
meeting of the Portland Section held in 
Hotel. Their  extem- 
poraneous talk on “Welding of Zirconium 
and Titanium” was followed by a lively 


the  Nortonia 


question-and-answer period. 


Inert Gas Welding 


Portland, Ore.-k. B. LaVelle 
Welding Engineer, Nucleonics Depart- 
Electric Co., Richland, 
Wash., spoke on the subject “Applica- 
tion Analysis of Inert-Gas-Shielded 
Electric Welding” at the September 9th 
meeting of the Portland Section held in 
the Mirror Room of the Mallory Hotel. 

Mr. LaVelle has been actively engaged 


ment, General 


in the welding industry in the northwest 
for the past 10 years. At present he is 
a member of the National Welding Com- 


mittee for the Atomic Energy Commission 
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and is engaged in design engineering at the 
Hanford Works. 


Resistance Welding Controls 


Saginaw, Mich..J. W. Brown WS, 
Standard Products Section, Square D 
Co., Milwaukee, Wis., was the guest 
speaker at the October 9th dinner meet- 
ing of the Saginaw Valley Section held at 
the High Life Inn. Mr. Brown’s sub- 
ject was “Resistance Welding Controls.” 
He discussed and demonstrated some of 
his company’s latest synchronous and non- 
synchronous control equipment for resist- 
ance welding. Actual controls were set 
up along with an oscilloscope to show the 
patterns associated with the controls. 


Design for Welding 


San Francisco, Calif. -Ninety-one 
members and guests of the San Francisco 
Section were present at the dinner held on 
October 27th at the Engineers Club. 
Coffee speaker was Capt. G. W. Under- 
wood, Repair Superintendent of the San 
Naval Shipyard, a veteran 
submariner himself, who discussed the 


Francisco 


importance that welding has played in 
the development of the submarine. His 
subject was ‘“Submarines-Then and Now.” 

Thomas H. Nicholl QS, Welding 
Engineer of the Lincoln Electrie Co., 
spoke on “WEL Design,” a coined name 
given to a new branch of engineering and 
meaning the proper design of tanks, pres- 
structural sections, ete., 
Mr. Nicholl 


discussed the engineer's approach to the 


sure vessels, 


through the use of welding. 


correct choice of available materials and 
their properties which are all too fre- 
quently overlooked in this field of design- 
ing for welding. Cost criteria and strength 
rigidity, both in the final product as well 
as in the reduction of actual welding costs, 
were covered in Mr. Nicholl’s talk which 
was illustrated with slides and charts. 


Program of Northern New York 
Meetings 


Schenectady, N. Y.— The following is a 
schedule of meetings for the remainder 
of the season of the Narthern New York 
Section: 

December 4th—Are Welding Applica- 

tions. 
February 5th—Brazing Applications. 
March 5th—Technical Activities. 
“Stump the Experts.” 

April 2nd—‘‘Resistance Welding Ap- 
plications,” P. G. Parks, Solar Air- 
eralt. 


May 7th— Annual Ladies Night. 


Low-Hydrogen Electrodes 


Seattle, Wash. 
gen welding, with Howard Long of the 


A forum on low-hydro 
General Electric Co., acting as moderator, 
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was presented by the Puget Sound Section 
at their September meeting held on the 
llth at the Engineers’ Club. Members 
of the forum were: Howard Long, Gen- 
eral Electrie Co.; Alex Tallquist, Ederer 
Engineering; Clark Brown, Pacific 
Car and Foundry; Robert Miller WS, 
Boeing Airplane Co.; William Snider 
AWS, Webster Welding; James Me- 
Cormick, Renton Vocational School; 
Myron Stepath 9, Arcair Co. 


Field Trip 
Seattle, Wash.--Herbert A 


President, Fentron Steel, Co., showed the 


Schiessl, 


welding methods used by his company 
in the construction of steel and aluminum 
window sash. Mr. Schiessl’s talk was 
followed by a field trip to the Fentron 
Steel Co. This took place at the October 
9h dinner meeting of the Puget Sound 
Section. 


Nondestructive Inspection of 


Welds 


Shelton, Conn. 
Bridgeport Section was held on October 
16th at Rapps Restaurant in Shelton 
Robert Insinger, Inspector for the Pea- 
body Engineering Corp., was the coffee 
speaker, His subject was “Metal Indus- 
try in the Netherlands.” 

Feature speaker of the technical meet- 
ing was Roy O. Schievel, Eastern Dis- 
trict Manager of the Magnaflux Corp., 
New York City. His talk ““Nondestruc- 
tive Inspection of Welds’? was illustrated 


Dinner meeting of the 


by slides and was of excelient quality 
and was of interest to the engineer, to 
the man in the production department as 
well as to the operator. 


Plant Visit 


South Bend, Ind.- The Michiana Sec- 
tion continued its 1952 program with a 
visit to the Dowagiac, Mich., plant of 
the Kaiser-Fraser Corp. on October 16th. 
Following a chicken dinner 
served by the ladies of the committee of 
the Dowagiac VFW some 50 members 


delicious 


and guests toured this new addition to the 
aircraft-engine-producing 
America. At this stage, relatively little 
welding is being done but the equipment 


facilities of 


and production processes made very good 
“seeing”’ for the group. 


Maintenance Repair 


Syracuse, N. Y.— Over 125 members and 
guests of the Section at a 
dinner held on October Sth at the Hotel 
Onodaga thoroughly enjoved a talk 
given by K. M. Spicer OS, Research 
Engineer, International Nickel Co. Mr 


Syracuse 


Spicer’s subject was “Maintenance tepair 
and Casting Salvage.” He discussed 


some fundamental are welding techniques 
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for cast iron, stainless steel and special 
alloys. Mr. Spicer’s talk was basic, 
interesting, well organized and easy to 
follow, and he is highly recommended to 
any group interested in welding funda- 
mentals of nickel electrodes 


Technical Highlights Covered by K M 
Spice r 


1. All foreign material must be re- 
moved from the area that is to be welded 
or that will be heated by welding when 
using high nickel or nickel electrodes 

2. If the current density is set for 
welding clean material, a “repelling” 
effect will be noted when attempts are 
made to fuse through an oxide layer, 
particularly on the vertical member of a 
horizontal fillet 

3. When welding with nickel or high 
nickel electrodes, deep penetration and 
high heat input should be avoided 

4 The use of backing rings should 
not be used in joints in pipe lines. Crev- 
ices cannot be avoided and these may 
Also, the notch effect 
can cause root cracking in some materials 


promote corrosion 


5. When welds are subjected to high 
temperature service, avoid corner joints 


if possible. If corner joints are used, it 
is very important to secure full joint 
penetration 

6. A U-type joint is preferred for 
2 


material heavier than */s in. in thickness. 


7. Itis desirable to provide a grooved 
backing or chill bar beneath the joint 
when welding light gage materials 

8. Since the coefficients of thermal 
expansion ot nu kel and high nickel alloys 
do not differ greatly from mild steel, 
approximately the same degree of re- 
straint may be used in fixtures 

9. Welding techniques similar to 
those used in making high quality welds in 
steel are used with nickel. It is best to 
position the work whenever possible 

10. When using nickel electrodes use 
d-c current with reversed polarity 

11 Since nickel does not flow as 
readily as steel, it may be necessary to 
weave the electrode slightly However 
it is essential that a short are be main- 
tained 

12. When weld spatter occurs, it is 
an indication that (a) the are is too long, 
(b) excessive amperage is being used or 


c) the pol rity is incorrect 


13. Complete removal of slag from 
units intended for high-temperature serv- 
ice is mandatory. 

14. When using an inert-gas welding 
process, air movement in the shop due 
to fans, welding generators or open win- 
dows may disrupt the protective gas 
around the are and cause porosity in the 
weld 

15. A tungsten ari 
exceed 0.100 in. in length when welding 


: length should not 


nickel or high nickel alloy 


16. When making overlays, slow down 
the rate of welding so that the are is 
cushioned by the deposited metal This 
technique will minimize base metal dilu- 
tion 

About 45 members and guests enjoyed 
a Virginia Ham Dinner in the Hiawatha 
Room of the Onondaga Hotel. A. | 
Lipton, an attorney, who has been cited 
for his work in Civilian Defense, was th 
coffee speaker. Mr Lipton spoke of 
the need for Civilian Defense, how Civilian 
Defense is organized and how it func 
tions. The talk was a 
information on a thought-provoking sub- 


potent capsule of 


ject. 


Steel Testing 


Weldable Steel, D 


Current Welding Literature 


Continued from p. 1153 


Natural Gas Pipe Lines. Bending Pipe 
, pp. 110, 115-116, 120, 122, 124, 
Natural Gas P ipe Lines, Compressor Station 


May 1952 


ing Fittings, C. B. Me ‘Laughlin and J. D 
no. 6 (June 1952), pp. 91-93 


Natural Gas Pipe Lines Welded All Way! 
Welding Engr., vol. 37, no. 4 (Apr. 1952), pp 


(Aug.), pp. 40-41. 


Oxygen Cutting Machines. Giants for 


Engr., vol. 37, no. 4 (Apr. 1952), p. 35 


Oxygen Cutting. Metal Removal by Oxygen Processes, B. M 
Holub. Steel Processing, vol. 38, no. 8 (Aug 


Refrigerators, Home Freezers From Sheet Metal to Home 
Freezers, C. B. Clason. Welding Engr., vol 


pp. 23-27. 


Refrigerator Production at Luton. Welding & Metal Fabrica 
2), pp. 274-280 


tion, vol. 20, no. 8 (Aug. 105 


Cutting 


7, no. 4 (Apr. 1952 
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Stainless Steel. 
Gas, vol. 28, no. 5 IS-8, L. I Spencer. 
120 pp. 288-204, 298; 


Wrought Weld 


Barkow 


pp. 66-39 no. S Welding Engr., vol 


Titanium and 


Welding Titanium, T. A 


1952), pp. 333-334, 
Tractor Forgings Joined by Welding, 8. Chmielewski. Machy 
1952), pp. 388-390 N. Y.), vol. 59, no 
W irships, tepair 
Welding Engr., vol. 3 
Welded Steel Structures. Light Weight Welded Construction 


Stress Strain Relationship of High Tensilk 
W. Smith, J. ¢ 
Lond. ), vol. 47, no. 552 ( 


7, Whitman and C. L. M. Cot 
June 1952), pp. 481 


High Chromium Stainless As Substitute for 
Steel Processing, vol. 38, no. 6 (June 1952), 
.7 (July), pp. 340-3438, 350 
Structural Steel Standards. Specification for Design, Fabrica 
Tolliver. Gas, vol. 28, tion and Erection of Structural Steel for Buildings, Am. Inst 
Steel Construction 
Submerged Are 
ye vol, 29, no 9 (Sept. 
Oil Field Equipment. Pumps and Oil-Field Tools, F. R. Dra Tanks, Aluminum 
hos. Welding Engr., vol. 37, no. 7 (July 1952), 


) 


Standard (Revised Jun» 1949), pp. 275-305 
Welding, O. M. Fromm. 
1952), pp. 100-106 


on & Steel Engr 


Welding—Inside and Out, P. A. Rodecki 


38, no. 8 (Aug. 1952), pp. 36-37, 66 
Titanium Alloys. Some Hints on Fabricating 
Dickinson. Steel Processing, vol. 38, no. 7 (July 
339 


(Sept. 1952 pp 100-191 
Wasp Gets Hornet Bow, A. L. Dunning 
no. 8 (Aug. 1952), pp. 24-28 


in Mechanical Engineering Structures, F. Koenigsberger. Inst 


Welding Trans, 


Welding Machines. 


15, no. 4 (Aug. 1952), pp. 113-123 
Automatic Flash Butt Welding in Ship 


Ship Fractures Can Be Prevented, F. Jonassen. Mar. Eng. & vards, Sheet Metal Industries, vol. 29, no. 303 (July 1952), p 


Shipg. Rev., vol. 57, no. 10 (Oet. 1952), pp 
Shipyard Re-organization for wi Ided Pre-fabricated Construc- 
tion, C Stephenson. Inst. Welding—Trans., vol. 15, no. 4 ers, R. D. Leonard. 


(Aug. 1952 , pp. 101-111. 
Welding Shops. Diversified Welding, 
Eengr., vol. 37, no. 8 (Aug. 1952), pp. 42 


14, 

Welding Shops. Specialist in Hi: urd Jobs, F 
Engr., vol. 37, no. 8 (Aug. 1952 » Pp 20-31 

Job That Needed New Welding Pronedares, 


Steel Castings 


7-68 64 


Jackson Welding 
9 


ishing Problems 


D. L. Rigsby and M. J. Watte. Can. Metals, vol. 15, no. ¢ (Aug pp. 54-56, 5S 


1952), pp. 50, 52, 54; see also Can. Machy 


1952), pp. 185-187, 198. 
Soldering Aluminum. 


Metal Industry, vol. 81, no. 6 (Aug. 8, 1952 
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Ultrasonic Soldering, E 
pp. 103-106 1952), pp. 50r-57r 


, vol. 63, no. 8 (Aug Welds, Testing 


tural Joints, C. L 
A. Neppiras, 
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We lding Shops 


elding Research 


l 
Welding Machines, Resistance. Convair’s New Rectifier Weld 
Welding Engr., vol. 37, no. 4 (Apr. 1952), pp 


Flohr Runs Diversified Welding Shop for 
2 Fabrication of Wide Range of Products, H. Fk. Jackson. Western 
M. Burt. Welding Metals, vol. 10, no. 7 

Welds, Finishing 
Industry & Welding, vol. 25, no. 8 (Aug. 1952 


July 1952), pp. 35-38 
Power Brushing Solves Many Weld Fin- 


Correlation of Weldability Tests with Struc- 


Cottrell, M. D. Jackson and J. G. Purchas 


Brit. Welding Research Assn.), vol. 6, no. 3 
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flame-cutting 


» tempering 


‘It’s this simple: Mark the work- 
piece with the proper Tempilstik® 
When the mark melts, the specified 
temperature has been reached. 


| 
288 | 375 | 650 | 1000 | 1350 | 1700 
| 300 | 388 | 700 | 1050 | 1400 | 1750 
| 1100 | 1450 | 1800 
| 1150 | 1500 1850 
| | 1200 | 1550 | 1900 
$50 | 900 | 1250 | 1600 | 1950 


350 
tae | 273 | 363 | 60 | #50 | 1650 | 2000 


TEMPIL® CORP., |] West 25th St., 


forging 


casting 

molding 

drawing 

straightening 


heat-treating 
in general 


gives up to 
2000 readings 


Booth No. 155 
National 

Metal Show 

Philadelphia 


SAMPLE 
PELLETS 


Use this coupen. 
Specity temperatures 
of interest to you. 


N. Y. 10, N. Y. 


Please send free sample pellets in the following rating 


Air Reduction 

Alloy Rods Company 

All-State Welding Alloys Co., 
Aluminum Company of 
The American Brass Company. 
American Chain & Cable 
American Manganese Steel Division 
Ampco Metal, Inc.. 

Anti-Borax Compound C Co., Inc. 
Arcair. 


The Burdett Oxygen Company 


Dockson Corporation. 
Douglas Aircraft Company, Inc 


Eastman Kodak Company. ; 
Eutectic Welding Alloys Corporation a 
Erico Products, Inc 


Fansteel Metallurgical Corp. ......... 

Harnischfeger Corporation 

Haynes Stellite Company, a Division of Union 
Carbide and Carbon Corporation 

Hobart Brothers Company 


The International Nickel Co., Inc... 


The Lincoln Electric Company. . . 

Linde Air Products Company, a Division of 
Union Carbide and Carbon Comperation 

Link Welder Corporation 


P.R. Mallory & Co., Inc 
Metal & Thermit Corporation. 


National Carbide Company. by 
National Cylinder Gas Company 
National Welding Equipment Company 


1184 


Page Steel and Wire Division. 
Pennsylvania Optical Company. 


The Reid-Avery Company. . 


A. O. Smith. . 
Square D Company 
Stulz-Sickles Company 


Tempil® Corp 
Tweco Products Company. 


Union Carbide and Carbon Corporation 
Haynes Stellite Company 
Linde Air Products Company 

United States Testing Company, Inc.. 


Victor Equipment Company 


Wagner Company. 
Weldwire Co 
Corporation. 


J. H. Williams & Co 


Outside back cover 


1191 
1182 
1167 


Inside back cover 


1186 
1183 
1193 
1176 
1166 


1170 


1168 
1178 


1169 
1179 
1158 


1194 
1165 
1171 
1105 
1110 
1161 


1108 
1177 


1107 
1106 


1162 
1185 
1159 


1186 
1181 


1163 


1175 
1187 
1160 


1200 
1194 


1171 
1108 
1176 


of 

| % — | 
ah | | 

| 

1200 THE WELDING JOURNAL 


DING RESEARCH 


of the Engineering Foundation 


on 3 


American S 


Sponsored by the American Welding Society, American Institute of Electrical Engineers, 
American Institute of Mining and Metallurgical Engineers, American Society of Civil Engineers, 
ty of Mechanical Engineers, Society of Naval Architects and Marine Engineers, 
American Society for Metals and American Society for Testing Materials 


Supplement to the Welding Journal, December, 1952 


Initiation and Propagation of Brittle Fracture 


in Structural Steels 


® Tests correlated with ship fracture data indicate that 
structural steels of the ship plate type develop brittle 
fracture in the range of service temperatures when 
loaded in the presence of a sharp cleavage crack defect 


by Peter P. Puzak, Earl W. Eschbacher 
and William S. Pellini 


Abstract 


Experimental techniques have been evolved to initiate brittle 
fracture in structura) steels from a sh ip cleavage crack which 
synthesizes the fabrication cracks developed in welded struc- 
tures. The cleavage crack is developed by the cracking of a 
small bead-on-plate of brittle hard-surfacing weld metal. Load- 


ing of the test plates containing such a crack-starter wel 
accomplished by the use of explosives or a drop weight Tests 
conducted over a range of service temperatures have demon- 
strated that structural steels of the ship plate type develop brittle 
fracture in the temperature range of ship fractures. Detailed 
correlation with ship fracture data indicated that the conditions 
of crack initiation, propagation and stoppage are reproduced 
by the tests 

The significance of Charpy V and Keyhole transition criteria 
for the prediction of conditions of brittle fracture were investi- 
gated for various types ol structural steels It is demonstrated 
that only criteria associated with nearly completely brittle 


fractures of these specimens are si rificant to the problem 


Peter P. Puzak and Earl W. Eschbacher are Metallurgists with the Mets! 
Processing Branch of the Metallurgy Division, and William S. Pellini is 
Head of the Metal Processing Branch, Metallurgy Division, Naval Researct 
Laboratory, Washington, D. ( 
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INTRODUCTION 


WABRIE ‘ATION defects of the nature of are strikes, 
weld faults, HAZ cracks, ete., have been shown to be 
responsible for the initiation of a number of ship 
failures. It is realistic to assume that large welded 

structures contain many such defects, since it is im- 
possible to assure their complete elimination by either 
procedure control or inspection. Despite the presence 
of such defects it is known that the Liberty ships per- 
form satisfactorily at ‘‘warm”’ service temperatures; 
however, with a drop of 30 to 40° F to “cold” service 
temperatures numerous catastrophic failures were de- 
veloped. This problem is not specific to ships, for 
pressure vessels, storage tanks, bridges, pipe lines, ete., 
have shown similar tendencies to failure at “cold” 
temperatures. 

The fact that welding may produce sharp cracks 
which lie dormant until triggered into brittle fractures 
by unfavorable stress and temperature conditions is 
only part of the over-all case of catastrophic failure 
It is well known that welding may also result in develop- 
ing regions of low ductility which favor the formation of 
eracks during the course of service. Weldability tests 
of the Kinzel and related types have shown that, de- 
pending on the welding conditions and the intrinsic 
properties of the steel, either the weld or the HAZ pro- 
vide the point of initial crack formation. In such tests 
the weldability of the steel is judged in terms of the 
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temperature and bend-angle conditions required to 
develop cracking in the welded specimen as compared to 
the unwelded material. 

The present investigation is not concerned with the 
question of weldability as related to the comparative 
ease of development of the initial crack in zones of im- 
paired properties resulting from welding. The question 
under study relates solely to the performance of the 
base material in the presence of cleavage cracks, which 
are considered the most severe type of defect resulting 
from a variety of causes related to welding. For this 
study the zone which originates the crack is of impor- 
tance only to the extent that it be of sufhicient brittle- 
ness to ensure the development of reproducible cleavage 
cracks. This was accomplished by developing a small 
region of extreme brittleness in the test material. 
Conventional notching techniques are inadequate in- 
asmuch as it is not practical to produce notches of 
sharpness equivalent to cleavage cracks. 

The subject approach divorces the complex problem 
of weldability from the problem of the fracture charac- 
teristics of the base metal. Accordingly, it is possible 
to rationalize the problem of catastrophic failure of 
structures to the elements which are specific to the in- 
itiation and propagation of brittle fracture in the parent 
metal. The principal elements that will be considered 
are as follows: (1) The development of cleavage 
cracks of extreme acuity in localized regions of low 
ductility; (2) The initiation of brittle fracture in the 
parent metal resulting from the presence of the cleavage 
cracks at the boundary zone of the unaffected parent 
metal; (3) the availability of elastic strain energy 
(elastic extension of the structure) required for the 
propagation of the brittle fracture. 

Items (1) and (2) may be synthesized in a test speci- 
men by developing a cleavage crack in a region of high 
brittleness and loading the specimen to promote the 
initiation of a brittle fracture in the test material. 
Item (3) is difficult to reproduce in small specimens. 
This difficulty results from the fact that at any given 
stress level the amount of elastic strain energy is pro- 
portional to the total length of the specimen or struc- 
ture. Thus, the energy available for crack propagation 
in small laboratory specimens may be several orders of 
magnitude less than that available in a large structure 
The importance of this difference is related to the amount 
of energy required for propagation of brittle fracture, 
inasmuch as “‘brittle’’ fractures vary in the minute 
amounts of shearing developed near the free surfaces 
and in the nature of the cleavage. These variations de- 
termine the ‘‘degree’’ of brittleness of the fracture and 
accordingly the amount of elastic strain energy required 
for its propagation. 

In order to maintain elastic stresses in small speci- 
mens undergoing stress unloading by brittle cracking, 
it is essential to provide loading conditions featuring a 
“follow up” equal to rates of elastic unloading. Since 
the rate of unloading is proportional to the speed of 
propagation of the crack, it is necessary to reload at 
equal rates. If this is not accomplished the available 
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Fig. 1 Test plate with crack-starter weld 


elastic strain energy is quickly consumed and the crack 
automatically stops. 

The elements (1 to 3 above) which are required to re- 
produce the crack initiation and propagation conditions 
of large structures are considered to be synthesized in 
the NRL Crack-Starter Bulge Tests. A 14- x I4-in. 
plate is prepared for test by the deposition of a short 
bead-on-plate of a brittle hard-surfacing weld, Fig. 1. 
It was determined by static load tests that the brittle 
weld cracks when the yield point of the base metal is 
reached, thus developing the desired conditions of an 
extremely sharp cleavage crack. The acceptance and 
propagation of the cleavage crack by the base metal is 
dependent on its intrinsic properties at the temperature 
of test. The high-speed load follow-up required to 
maintain a continuing store of elastic energy necessary 
to feed propagating cracks is accomplished by the 
“softness” inherent to loading by the gas-pressure devel- 
oped during the detonation of an explosive charge offset 
from the test plate, Fig. 2. 
does not permit stress unloading during cracking. 


In essence, the gas-pressure 


EXPLOSION LOADING METHOD 


Fig.2 Details of the NRL crack-starter bulge test 
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. z The feature of a maintained 
SSOSSSSsse store of elastic energy is parti- 
cularly important for studies 
a of the propagation of brittle 
fractures of high-energy ab- 
sorption type. Brittle frac- 
tures of low-energy absorp 
tion type propagate readily 
S even with the small amounts 
able in conventionally loaded 
small specimens. Accordingly, 
oe = = = 
studies of the latter type of 
fracture were made using a 
drop-weight loading technique 
in addition to the explosion 
loading method. Appendix A 
= provides details of the speci- 
| mens and testing techniques 
E The general aims of the in- 
sit vestigation entailed : 
1. Evaluation of various 
2 types of structural 
i temperature range ol 
= brittle fracture result- 
ing from the presence 
of extreme flaws. 
- = 2. Separation of the in- 
= = itiation and propaga 
= tion features of brittle 
Ss 3. Correlation of fracture 
z= characteristics at vari- 
= ous temperatures with 
the transition charac- 
= teristics of conven- 
tional specimens 
; (Charpy V and Key- 
= 
hole 
4. ‘Correlation of the frac- 
ture characteristics of 
St ship steels with the 
5 known performance of 
I< these steels in ship 
SSSSSSSS SSSSSSSSS 5. Evaluation of the sig 
nificance of Schnadt 
specimen concepts 
~ performance of welded 
= structures 
= 
= MATERIALS AND PLAN 
OF INVESTIGATION 
¥ = = = Table 1 lists the chemical 
= 
z E analyses, plate thickness, date 
3 = FZ P| of receipt and other pertinent 
details of the various steels 
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Fig. 3 


which were investigated. The date of receipt serves 
to identify the steels which represent samples of pro- 
duction material used in the construction of Liberty 
ships. The subject steels represent commercial plate 
products either of */, or l-in. (5 exceptions) nominal 
thickness. Unless otherwise noted all steels were 
tested in the as-received conditions. Selected steels 
were retested following normalizing and annealing heat 
treatments aimed at shifting the notch toughness char- 
acteristics to higher or lower temperatures. The orig- 
inal plan of investigation entailed tests of a limited 
number of steels in terms of a correlation of crack propa- 
gation characteristics with the transition character- 
istics determined by Charpy V and Kevhole specimens. 
Crack propagation tests were planned for both the 
longitudinal and transverse directions of rolling. During 
the course of the investigation it became apparent that 
the data available were sufficient to establish the effect 
of orientation so further tests were restricted to longitu- 
dinal crack propagation for which the greatest amount 
of data had been collected at that date. 

The original plan to consider both Charpy Keyhole 
and Charpy V specimen transitions in two orientations 
was also curtailed as the pattern of orientation and 
specimen correlation became apparent. In order to 
accumulate data which could be compared directly with 
the results of the NBS ship fracture investigation! 
Charpy V specimen (LH type*) transitions were de- 
termined for all steels investigated. These modifica- 
tions permitted extension of the investigation to cover 
a greater number of steels than was considered feasible 
with the earlier plan. 


* Note: The specimen orientation code used in the Penn State 
Investigation? was adopted as shown in Fig. 12. 
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Typical crack-starter test series for average quality ship plate steel (No. 23). Figures refer to test temperature ° F 


CRACK-STARTER BULGE TESTS 


The characteristics of a typical crack propagation 
test series are illustrated in Fig. 3. It is observed that 
at the highest test temperature (140° F) the steel de- 
forms to the limiting bulge size in preference to cracking. 
Figure 4 illustrates that increasing the energy delivered 
by the explosive does not result in raising the maximum 
temperature of crack propagation. At the lowest test 
temperature (20° F) the steel plate not only develops 
extensive cracking but also remains perfectly flat. This 
indicates that the sharp cleavage flaw developed by 
cracking of the brittle weld at the vield point of the 
plate results in the immediate initiation of brittle cracks 
in the plate. The amount of bulging shown at inter- 
mediate temperatures (40, 60, 80 and 100° F tests) in- 
creases gradually with increasing temperature indicat- 
ing that increased deformation is required to initiate 
cracking. The extent of cracking decreases with in- 
creased temperature indicating more difficult: propaga- 
tion of the cracks. 

It was observed that at temperatures at which crack- 
ing is confined to short distances (somewhat longer than 
shown by the 140° F test) a beavy shear lip approxi- 
mately 0.050 to 0.080 in. is developed at the plate sur- 
face portion of the otherwise brittle fracture. The sur- 
face shear lip becomes thinner with decreasing tempera- 
ture of test, being vanishingly fine at the flat-break 
temperature, Fig. 5. A similar shear lip which is de- 
veloped along the sides of Charpy specimens also gradu- 
ally disappears with decreased temperature of test. It 
is generally considered that a large fraction of the energy 
expended in fracturing Charpy specimens in the lower 
range of the transition curve is related to the develop- 
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ment of surface shear. The development of shear at 


the free surfaces of otherwise brittle cracks is related to 


EXTRA HIGH ENERGY 
140°F 


STANDARD TEST ENERGY 
40°F 


Fig. 4 Behavior at crack refusal temperature 


ABOVE FRACTURE TRANSITION 


CRACK STARTER TEST FRACTURE 
"SURFACE 


SHIP FRACTURE SAMPLE 


the essentially biaxial stress features of free surfaces 
The disappearance of the shear lip thus indicates the 
elimination of the last vestiges of ductility related to 
erack propagation. In this respect it should be noted 
that plates which fractured through in ship failures occa- 
sionally showed distinet shear lips. Measurement of 
ship fracture plates having shear lips indicated maxi- 
mum thicknesses of 0.010 to 0.020-in. ‘These measure- 
ments were made on representative sumples from the ex- 
tensive NBS stock of ship-plate fractures. Observation 
along the complete transverse fracture of the Fort 
Mercer showed a number of plates which fractured with 
a similar maximum thickness of shear lip. It may be 
concluded that the amount of elastic strain energy 
available in ship structures is insufficient to continue 
the catastrophic propagation of cracks which develop 
more than 0.010 to 0.020-in. surface shear 
as the gas pressure load on the bulge is not relaxed dur- 


Inasmuc h 


ing cracking, a greater energy store is available which is 
sufficient to propagate (lor short distances) bulge cracks 
having shear lips of 0.050 to 0.080-in. maximum 

The effect of temperature on the extent of cracking 
in the bulge test is related to the thickness of shear lip 
developed at the test temperatures. It was observed 
that cracks which propagated with evident ease through 
the low-stressed, hold-down regions of the bulge (20, 
10, 60° F tests, Fig. 3) did not develop more than 0.010- 
in. surface shear. The amount of shear was uniform 
Cracks which 
propagated through the bulge but stopped at the hold- 


over the entire length of the fracture 


down regions (80° F test) developed surface shear lips 


~ 0 
§ 
AT DUCTILITY TRANSITION 


CHMAPY "Y" SAMPLE (NO. 20 AT 10 FT LBS.) 


Fig. 5 Examples of shear lips on fracture surfaces 
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ranging from 0.010 to 0.020 in. The amount of shear 
developed by this type remained uniform to within '/2 
in. of the point of termination, after which there was a 
marked increase of shear lip resulting in the slowing 
down and stopping of the erack. Cracks which showed 
partial propagation in the bulge area (100° F test) 
developed shear in excess 0.020 in. The amount of 
shear developed by this type of crack also increased 
markedly near the point of termination. As stated 
previously, very short cracks (140° F test) developed 
shear lips ranging from 0.050 to 0.080 in. 

The controlling effects of the available elastic strain 


energy and of temperature are also demonstrated by the 


Robertson test specimen® which features the propaga- 


tion of a crack through a region having a temperature 
gradient. The erack starts from a notch in the low- 


temperature portion of the specimen and terminates at 
a higher temperature position. ‘The temperature at the 


mum temperature of crack propagation. Representa- 


tive fractures of Robertson specimens* show that the 


surface shear lip increases uniformly along the path of 


fracture due to the thermal gradient condition. In- 


creasing the available strain energy by increasing the 


stress level of the specimen serves to propagate the 


crack to higher temperature (higher shear lip) positions; 


| however, a limiting stress is reached above which no 
: further increases are developed. Accordingly, it may 
be concluded that the exact thickness of shear lip which 
is effective in preventing the propagation of ship frac- 


' tures varies, within limits, with the stress level of the 


point of termination is deemed to represent the maxi- 


region through which the fracture is advancing. For 
this reason it is not possible to define a specific maximum 
thickness of shear lip which is effective in preventing 
crack propagation. However, in view of the various 
considerations outtined above, the critical level of sur- 
face shear appears to lie in the range of 0.010 to 0.020 
in. 

Figure 6 presents a typical surface shear plot illus- 
trating the critical effect of temperature. A smooth 
curve drawn through the points permits interpolation 
to determine the temperature range of 0.010 to 0.020 in. 
surface shear. It will be noted in summary data to be 
presented that the subject temperature range is rel- 
atively narrow; with relatively few exceptions, the 
range of 0.010 to 0.020 in. shear covered only 10 to 20 
F. The critical nature of what may be considered rel- 
atively minor temperature changes is illustrated also 
by the fact that in the majority of the test series an in- 
crease of 20° F was sufficient to change the performance 
from essentially complete fracture in the highly stressed 
bulge region to essentially complete crack refusal. 

Figure 6 also illustrates the general method used to 
relate the significant fracture characteristics of the bulge 
test to Charpy V and Keyhole transition curves. Two 
criteria of bulge fracture performance are represented : 
(1) Fracture transition—defined as the temperature 
range of 0.010 to 0.020-in. surface shear, and (2) ductil- 
ity transition—defined as the temperature at which a 
brittle fracture is developed in the absence of appreci- 
able prior plastic deformation (flat break). 


CHARPY “V" 


Fig. 6 Surface shear 
plot of typical crack- 
starter test series de- 
picting method of de- 
termining the fracture 
transition and of in- 
dicating its relation to 
Charpy curves 
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RELATION OF FRACTURE AND DUCTILITY 
TRANSITIONS TO CHARPY V DATA 


Figures 7-10 present Charpy V transition curves of 
the various steels investigated. The heavy-band por- 


tion of the curves denotes the temperature range of the 


bulge 


eury 
pro} 
tudi 


obse 


rang 


All 


es shown in these figures refer to longitudinal crack 


fracture transition fracture transition 


Table 2 provides a comparison of longi- 
It is 


agation 
nal and transverse fracture transition data 
rved that in the majority of cases the temperature 


res show a partial overlap. If the mean tempera- 
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ture of the range is taken as an index of difference, it 


‘parison of Fracture Transition for 
is observed that in the majority of cases the transverse Longitudinal and Transverse Crack Propagation 


crack propagation range is approximately 10 to 15° F Lenet- Trans- Difference in 

lower than the longitudinal crack propagation range. ji tudinal, verse, mean femp.. 

If differences of 10° F are considered to be of question- 

Vanity HTS 55 75 35 70 —12 
able significance, the majority of steels show remark- 3 60-80 15-70 —12 
ably little directional effects in relation to brittle crack 1N “' +10 —10 3! 10 a 
propagation. Figure J1 illustrates the similarity of 6 65-80 60-80 -— 3 
fracture characteristics in the two directions which was é ee 35-70 —12 
Fully killed 10 35-50 20-30 
Ypieal oF Comparison series. 12 8090 55-80 
It should be noted that Charpy specimens also indi- 4 70-100 15-55 —35 
cate that directional effects are relatively unimportant Semikilled 18 15-60 55-70 +10 
19 60-75 60-65 § 


in the temperature range which entails the elimination 20 90-100 70-00 15 


of last traces of ductile behavior. Figure 12 illustrates = 
the general effect on transition curves of specimen and 2 80-100 75-00 ay 
notch orientation relative to the direction of rolling. It Rimmed 31 70-80 65-75 -— 5 
is noted that orientation effects are most pronounced at 
temperatures involving ductile behavior; as the amount ' Temperature range of 0.010-0.020-in. surface shear. 


LONGITUDINAL CRACK PROPAGATION } DR 
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Fig. 11 Example of similarity of fracture characteristics of longitudinal and transverse crack-starter test series (Steel 
o. 1) 
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Fig. 12) Effect on Charpy V transition curves of notch and 
specimen orientation relative to rolling direction 


of brittle fracture (percent “‘grain’’) increases with fall- 
ing temperature, orientation differences are gradually 
eliminated so that in the range of 5 to 10 ft-lb the curves 
essentially overlap. Comparison of transverse fracture 
LH) and longitudinal fracture (BH) Charpy V transi- 
tion curves of 30 steels of the present investigation 
showed no exceptions to this behavior. 

The 15 ft-lb transition temperature of the LH speci- 
men in most cases was 10 to 15° F lower than that of the 
BH specimen. Inasmuch as the Charpy V 5to 10 ft-lb 
level represents essentially complete cleavage fracture 
while the 15 ft-lb level represents a small amount of 
shear in the fracture, it is concluded that small direc- 
tionality effects shown by the 15 ft-lb criterion are re- 
lated to differences in energy absorbed in the shear por- 
tion of the fracture. This conclusion leads to the pre- 
diction that fracture transitions of the bulge (0.010 to 
0.020-in. surface shear) should be slightly sensitive to 
orientation as was observed, and also that ductility 
transitions (surface shear nil) should show no orienta- 
tion effeets, which was found to be the case as will be 
shown in the following sections. 

The various Charpy V curves which are presented 


show that the value of energy absorbed at full shear 


energy level of upper shelf) is not significant to crack 
starting or crack propagation while the relative tem- 
perature positions of the toe portion of the curves are 
highly significant. The following general observations 
may be made: 

1. The bulge fracture transition temperature range 
does not bear a fixed relationship to Charpy \ energy 
values developed in the same temperature range In 
general, a rough relationship is observed within classes 
of steels separated as to deoxidation practice. In the 
case of rimmed and semikilled steels the fracture transi- 
tions occur at temperatures which are related to the 
lower portion of the Charpy V transition rang Fully 
killed tvpes develop fracture transitions related to the 
upper portion ol the transition range 

F 4 The fracture transitions generally shift to lower 
temperatures with a shift of the toe of the Charpy \ 
transition curves to lower temperatures. This shift is 
fairly regular within a group but eannot be relied on 
when different types of steels are compared, unless the 
Charpy transition shift is of considerable magnitude 

The temperature at which the test plate develops a 
“flat break’? was considered of special significance in 
that it represents the complete elimination of ability to 
develop deformation in the presence of a sharp cleavage 
crack. ‘The term ductility transition was applied to 
this temperature in recognition of this behavior. It 
was noted that a “flat break’ was developed only for 
test temperatures which corresponded approximately 
to the Charpy V 10 ft-lb temperature (20 separate test 
series indicated a range of 5 to 14 ft-lb, with an average 
of 8 ft-lb The extreme brittleness developed at ‘‘flat- 
break’’ temperatures, as the result. of the near absence 
of surface shear lip, produced extensive break-up of the 
plates with consequent damage on impact with the die 
base. In many cases it was thus difficult to evaluate 
the extent of flatness For other reasons, mainly Ol eXx- 
pediency, it was decided to attempt an alternate method 
of determining the ductility transition. The near-ab- 
sence of surface shear lip suggested that at the flat-break 
temperature the amount of elastic strain energy re- 
quired to support the propagation of fracture would be 
sufficiently small to permit the use of conventional 
loading methods; accordingly, the bend-type specimen 
shown in Fig. 13 was evolved. Initial experiments 
aimed at duplicating the flat-break bulge data using 


conventional testing machine loading were unsuccess- 


Fig. 13 Drop weight test specimen with crack-starter weld 
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hig. 14 Example of thin * ‘finger nail” of shear resulting from the momentary unloading followi ing the development of 
the initial crack in conventional testing machine bend test of * “drop weight” test specimens 


ful. The momentary unloading resulting from the de- 
velopment of the cleavage erack in the weld and its 
extension a short distance into the base metal resulted 
in a thin “finger nail’ of shear, Fig. 14. Deformation 
was then required to resharpen the crack front. Im- 
pact loading by means of a heavy hand sledge was suc- 
cessful in eliminating the momentary unloading and 
indicated the suitability of a simple drop-weight system 
such as was finally evolved, Fig. 15. 

The drop-weight test entails the delivery of an energy 
blow which develops a very small amount of deforma- 
tion. The weight-drop conditions are adjusted so that 


fig. 15) Drop weight test equipment showing specimen in 
position on anvils 
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approximately 1 to 2(¢ lateral contraction is developed 
in the test specimen if a break does not occur. ‘Tests 
are conducted over a series of temperatures with results 
indicated in Fig. 16. It was observed that all speci- 
mens which fractured developed approximately '/ 3"; 
lateral contraction, which represents the 


deformation required to fracture the weld; 


amount of 

specimens 
which did not fracture developed the limiting amount 
of deformation determined by the energy input. Fig- 
ure 17 illustrates typical “*break”’ and break” speci- 
mens. The ductility transition is thus clearly defined 
by a simple and practical test procedure. 

Table 3 summarizes the drop-weight, ductility transi- 
tion temperatures determined for the various types of 
steels and the values of Charpy V energy obtained at 
the same temperature. It is evident that, irrespective 
of the orientation of the specimen, the Charpy V range 
of 5 to 10 ft-lb defines the temperature at which rimmed 
and semikilled steels are no longer capable of developing 
deformation in the presence of a cleavage crack. The 
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Fig. 17) Typical “break” and “no break” drop weight test specimens. Note weld crack which was not effective in 
developing brittle fracture in the contiguous base metal 


critical range for the fully killed steels is indicated to be 
Sto 15 ft-lb. This behavior is similar to that shown by 
the fracture transitions, ie., the transitions occur at 


higher Charpy V energy values for fully killed steels 


Table 3—Charpy V and keyhole Ft-Lb Energy Values at 
Ductility Transition Temperature of Drop Weight Test 


Ductility 
pera ‘ Charp Charp 
I Keyhole 
Steel type Code L 7 ft-lb ft-lh 
Vanity HTS 0 0 
2 20 10 
20 iS 
20 20 
60 10 
5 20 20 7 
6 20 20 7 
7 20 20 6 
Fully killed 4 0 5 Is 
ON —40 1) 
20 5 
10 —20) 20 14 
12 0 0 7 
14 0 
15 0 0 
It 0 7 
li 
Semikilled IS 20 20 7 
1) 20 
20 27 
| 0 5 
20 
22 20 7 oN 
224 
235 20 7 10 
24 20 6 1) 
25 20 5 15 
2 20 15 
US S 10 
Rimmed 24 0 
0 
20 6 25 
20 5 
+20 +20 
20 +20 3 
*L and 7 denote direction of crack propagation. 
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Figure 18 shows drop-weight fractures at 20° Ff 
Charpy V, 5 ft-lb) for a semikilled ship steel of average 
quality, resulting from the presence of an are-strike and 
of the crack starter. The equivalence of this common 
defect to the cleavage crack of the brittle weld is self- 
evident Such equivalence is obtained only if the are- 
strike is of a “clean” type, i.e., does not contain weld 
metal Tests entailing are-strikes which contained 
weld metal did not fracture at 20° F, indicating a pro- 
tective effect due either to the presence ol notceh-tough 
weld metal or to the elimination of fine fissures in the 
erater area The usual type ol accidental arc-strikes 
which do not contain weld metal accordingly should be 
considered highly dangerous. Figure 19 provides 
example of a ship failure originating from an are-strike 
It is observed that at the temperature of this failure the 


starting plate developed but ') ft-lb ( ‘harpy \ 


CORRELATION WITH SHIP FRACTURE DATA 


The National Bureau of Standards Charpy V data of 
fractured ship plates proy ide a means of evaluating the 
significance of the crack-starter tests. For this evalua- 
tion it is necessary to consider the steels which either 
originated from the same production groups used in 


Liberty Ship construction (rimmed and semikilled 


Fig. 18 Example of equivalence of are strike to crack- 
starter weld at ductility transition (Steel No. 24, + 20° F) 
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Ship failure initiated by are strike. Note that plate which initiated 


failure developed only 6 ft-lb Charpy V (ductility transition range of drop 
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steels) or are more recent steels of the 
same general type and analysis. The 
evaluation is based on the mutual 
relation of ship fracture data and 
the crack-starter tests fracture data 
and the Charpy V properties of the 
steels in question. 

The NBS investigations separated 
the ship fracture plates into three 


groups—fracture “source,” “through’”’ 
and “end” plates. Frequency dis- 
tribution plots of the 15 ft-lb Charpy 
V transition temperatures of these 
three groups indicated that the 
“source” plates represented the in- 
ferior portion of the over-all grouping, 
the “end” plates represented the best 
portion and the “through” plates 
were of intermediate quality. It was 
thus concluded that in ship failures 
the poorest plates initiated the fail- 
ure, the average quality plates con- 
tinued the failure and the best plates 
terminated it. The considerable 
overlap of the individual frequency 
distributions of the three types of 
plates indicated that depending on 
the temperature of service a portion 
of the plates which fell at the center 
of the over-all population could be- 
have as “source,” “through” or 
“end” plates. Such plates could be 
expected to serve as “source’’ plates 
at low temperatures, “through” plates 
at intermediate temperatures and as 
“end” plates at high temperatures. 
The probability of plates which fell at 
the extreme ends of the over-all popu- 
lation to behave as both “source” or 
“end” types appeared to be small. 

Ship fracture history has indicated 
that major failures entailing the frac- 
ture of a great number of plates in 
direct line, did not occur above 60 
F, and that partial failures entailing 
a small number of plates occurred in 
the range of 60 to 95° F. In the 
Board Investigation’ it was estab- 
lished that the frequency of ship 
fractures increased sharply with de- 
creased temperature below the range 
of 60 to 70° F. 

The above items of information 
collectively indicate that at tempera- 
tures below 60° F the majority of 
the steels used in ships are capable 
of crack propagation (“‘through”’ 
types). In the narrow range of 60 to 
70° F a sufficient number of steels 
develop resistance to crack pro- 
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pagation (become “end” types) to prevent the develop- 
ment of major failures. In other words the probability 
of a continuous line-up of “through” plates in the path 
of fracture becomes very low. This is particularly signifi- 
cant in that this temperature range is near the center 
of the range of ship operating frequency. The contin- 
uance of minor failures to 90-95° F indicates that a fair 
probability of having “source” and “through’’ plates 
exists to the maximum operating temperature range ot 
ships. 

The NBS investigation of the Charpy V properties of 
the three classes of plates at the temperature of failure 
disclosed the following 

1. “Source” plates developed an average of 5 to8 
ft-lb and a maximum of 11.4 ft-lb 

2. “Through” plates developed an average of 8 to 
12 ft-lb and a maximum of 13 ft-lb (82°7 of the plates 
absorbed more than 10 ft-lb). 

3. “End” plates developed an average of approxi- 
mately 20 ft-lb and a maximum of 52 ft-lb. In some 
cases these plates permitted the propagation of brittle 
fracture to half-distance prior to stoppage (the 52 ft-lb 
plate, for example, which developed such a half-way 
crack at 55° F 

These data require allowance for possible inaccuracies 
in the reported temperature of service and variations in 
the properties of the steels at various positions mn the 
plates. It is indicated, nevertheless, that the condi- 
tions of crack initiation differ considerably from the 
conditions of crack propagation and crack stoppage 
A notch toughness level defined by the Charpy V speci- 
men as greater than 11 ft-lb is sufficient to prevent the 
initiation of failure. However, the stoppage of brittle 
cracks once In motion requires a notch toughness which 
may be as high as 52 ft-lb, depending on the steel and 
probably on the amount of elastic strain energy avail- 
able at the particular location of the ship 

The predictions of the crack starter tests for the 
rimmed and semikilled steels appear to be in general con- 
formance with the ship fracture data as indicated by 
the summary comparison presented in Table 4. The 


Table 4—Correlation with Charpy VY Energy Values, 


‘t-Lb 
Crack-starte VBS ship 
lest plate fractures 
Vas 1 Va 
Crack initiation in the 
absence of appreci- 
able deformation 1-6 S 5-8 11 4 
Crack propagation pre- 
vented 15-30 70 12-20 52 


ductility transition values determined by the drop- 
weight tests are compared to “‘source’’ plate data since 
both represent crack starting in the absence of appreci- 
able deformation. The bulge fracture transitions based 
on the mid-point of the 0.010 to 0.020-in. surface shear 
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lip range are considered to represent the average limit- 
ing condition of crack propagation; accordingly, these 
data are related to “end” plate data. 

rhe prediction of the crack-starter bulge tests rela- 
tive to the fraction of the over-all population which 
should be operative as “through” plates at various service 
temperatures is indicated in Fig. 20. This plot relates 
the 15 ft-lb transition temperature of the rimmed and 
semikilled test steels to the temperature which repre- 
sents the mid-point of the 0.010 to 0.020-in. shear lip 
The NBS frequency distribution of all plates 
It is deduced 


from the relationships presented in Fig. 20 that at 


range 


based on 15 ft-lb transition is also shown 


temperatures below 60° F (maximum temp. for major 
ship failures) only a small fraction (possibly 20;) of the 
total population may be effective as “end” plates thus 
providing a high probability of in-line arrangement ol 
“through” plates required to develop complete fractures 
In the range of 60 to 70° F it is predicted that an ap- 
preciable portion possibly 20°,,) of the population be- 
comes effective as “end” plates, thus providing the condi- 
tion required for the prevention of major failures. It is 
also predicted that above 95° F (limiting temperature 
for minor failures) an appreciable (10 to 15°@) part otf 
the total population is still capable of serving as 
“through” plates. The failure of this portion of the 
population to provide fractures above 95° F in ship 
service may be explained by the infrequency of opera- 
tion at such temperatures and by the small number of 


plates which are available to serve as “source” types 


SIGNIFICANCE OF KEYHOLE DATA 


The widespread use of the Keyhole specimen for con- 
trol and specification purposes has resulted in the ac- 
cumulation of a large body of information relative to 
the quality ranges of various steels. However, it is 
difficult to use this information inasmuch as the only 
available correlation with ship performance is based on 
The dual use of the V and 
Kevhole specimens in this investigation and the dem- 


the Charpy V specimen. 


onstrated relation of the crack-starter tests to ship 
performance provide an opportunity to explore the 
significance of Keyhole data. 

The general relationships of the bulge fracture transi- 
tions to the Charpy Keyhole energy and fracture transi- 
tion curves are illustrated in Figs. 21-24. It is noted 
that the bulge fracture transitions occur at tempera- 
tures related to the upper “‘shelf” region of the Keyhole 
energy transition curves, lower portion of figures. It is 
difficult to correlate the transition features of the two 
tests inasmuch as the “shelf” region does not provide a 
suitable criterion of reference. The Keyhole fracture 
transition curves, upper portion of figures, have been 
separated by plotting each curve at a different level on 
the chart; each transition is plotted from 0 to 100°, 
shear fracture and the amount of shear developed in the 
temperature range of the bulge fracture transition is 
denoted by the two percentage figures listed on the 


curve. It is observed that all bulge fracture transitions 
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» developed in the temperature range of the Keyhole 
As in the case of the Charpy V 
specimen energy transitions, the fully killed steels de- 


fracture transitions. 


velop bulge fracture transitions at higher positions of 
the Keyhole fracture transition curve than the semi- 
killed and rimmed steels. 

The relationship of the drop-weight test ductility 
transition temperature to the Charpy Keyhole energy 
values developed at the same temperature is summar- 
ized in Table 3. It is observed that a sharp definition 
toa limited range of energy values noted for the Charpy 
V specimen is not developed; very low and very high 
values are represented. ‘This is explained by considera- 
tion of the relative characteristics of the Charpy V and 
While the Charpy 
V energy curve falls gradually over the entire transition 


Kevhole transition curves, Fig. 25. 
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related to hevhole transition curves 


range the Kevhole energy curve shows a region (in the 
temperature range of 5 to 10 ft-lb Charpy V) which is 
characterized by the development of either high or low 
values. The high values represent approximately 10 
to 15°¢ shear in the fracture while the low values rep- 
complete Vanderbeck 
and Gensamer °° have shown that for structural steels 


resent essentially cleavage. 
most of the high values fall above 20 ft-lb, while most of 
10 ft-lb. 


havior it is customary to draw a mean curve through 


the low values fall below In view of this be- 
the center of the scatter band and define the Keyhole 
energy transition temperatures in terms of this curve. 
If this is done, Keyhole transition temperatures based 
on 5, 10, 15 or 20 ft-lb energy levels then represent re- 
lationships to the mean curve rather than temperatures 
Accord- 
ingly, the physical significance of temperature transi- 


which exclusively develop such energy values. 
tions based on the subject energy levels is not the same 
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Fig. 25 Relative characteristics of Charpy } and Charpy 
Keyhole transition curves 


for Charpy V and Kevhole specimens. This does not 
mean that the Keyhole transition is not satisfactory for 
notch toughness evaluations. Its relative value in this 
respect depends on the practicality of establishing the 
mean curve with the same reproducibility as is obtained 
with the Charpy V energy curve and the determination 
of the relationship of the curve to service failures such 
as has been determined for the Charpy V specimen 
curve. This question could be resolved by determining 
if a useful correlation exists between the Charpy V notch 
10 ft-lb transition which has been demonstrated to cor- 
relate with ship failures and a particular Kevhole tran- 
sition The correlation of the drop-weight ductility 
transition with Charpy V 5 to 10 ft-lb values for semi- 
killed and rimmed steels and the lack of correlation with 
a similar narrow range of Keyhole energy values indi- 
cates on first consideration that the Charpy V and Key- 
hole specimens do not correlate It should be observed, 
however, that the temperature range defined by Charpy 
V curves between the limits of 5 to 10 ft-lb is not sig- 
nificantly greater than the temperature range which 
spans the sharply falling Keyhole average curve drawn 
through the center of the seatter band. This fact sug- 
gests a correlation based on the mid-span of the scatter 
range of the Keyhole curve (same as inflection point of 
average curve) with the temperature of Charpy V 5 and 
10 ft-lb criteria. 
Keyhole has been used by Vanderbeck and Gensamer 


The mid-span criterion for Charpy 


in recognition of the difficulty of determining the upper 
It should 
be noted that for ship plate steels the upper limit occurs 
at approximately 20 to 30 ft-lb, the lower limit at ap- 


or lower limits of the Keyhole average curve. 


proximately 5 to 10 ft-lb and the inflection point passes 
sharply through 15 ft-lb. Figure 26 presents plots cor- 
relating the Charpy V 5 and 10 ft-lb transition tempera- 
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tures with the Keybole 15 ft-lb temperatures (equiva- 
lent to the mid-span position) for the steels used in this 
investigation and also Vanderbeck and Gensamer’s 
correlation® of the Charpy V 10 ft-lb temperature with 
It is ob- 
served that the 15 ft-lb, or mid-span transition, of the 


the mid-span position of the Keyhole curve. 


Keyhole specimen occurs at a temperature which is ap- 
proximately 20° F lower than the Charpy V 10 ft-lb 
transition and essentially equal to the temperature of 
the Charpy V 5 ft-lb transition, 

These relationships indicate that the temperature 
range defined by the higher temperature half of the 
scatter band (20 to 40° F range in Fig. 25) developed by 
the Keyhole specimen correlates with the temperature 
range of 5 to 10 ft-lb Charpy V and accordingly is sig- 
nificant to service failures. It should be observed that 
the Charpy V 10 ft-lb criterion has the advantage of de- 
fining a boundary temperature above which crack start- 
ing does not occur in ships. The criterion of mid-span 
position of the Keyhole transition curve as suggested 
by Vanderbeck and Gensamer® defines a temperature 
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which is approximately 20° F below the boundary tem- 
perature and accordingly provides no assurance of 
safety. In using the Keyhole mid-span or 15 ft-lb 
transition for design purposes it is thus necessary to in- 
troduce a temperature correction of at least +20° F. 
In retrospect. it appears fortunate that the NBS in- 
vestigation of ship fracture plates was based on the use 
of the Charpy V specimen. The distinct differentia- 
tion bet ween “source,” “through” and “end” plates, for 
example, would not have been evident from Keyhole 


energy values. 


CORRELATION WITH SCHNADT’S CONCEPTS 

According to Schnadt’s concepts’ the critical condi- 
tions of service which a steel must withstand may be 
defined in terms of the average triaxiality which is to be 
expected in the particular service. The most severe 
conditions are represented by near-balanced triaxial 
stress systems of the type which are developed at the 
root of sharp cracklike defects; such stress conditions 
Schnadt terms “coheracic.”” The mildest conditions 
are presented by nontriaxial stress svstems of the type 
which are developed on smoothly contoured surfaces; 
such stress conditions are termed as “‘dinacic.”’ In- 
termediate stress svstems of increasing average triaxi- 
vlity are also defined by similar terms. Schnadt has 
developed a series of Charpy-like specimens which are 
Thus, 
an unnotehed specimen is considered to develop 


“dinacie” stresses while the specimen shown in Fig. 27 


deemed to develop these various stress systems. 


which features an extremely sharp pressed notch is con- 
sidered to develop “coheracic” stresses. Specimens of 
intermediate notch acuities are used to develop inter- 
mediate stress systems. Another feature of these speci- 
mens is the use of a hard pin to replace the compression 


zone of the notch-bend test pieces, 


NOTCH DE TANS 


000" 
MICROPHOTOGRAPH OF 
PRESSED NOTCH 


APPEARANCE OF 
FRACTURE 


Fig. 27 Details of Schnadt “‘coheracic” test specimen 
pec 
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The general theory of ‘be Schnadt approach is based 
on the premise that various types of structures and 
service inherently develop a limiting stress condition 
which may be defined by one of the particular speci- 
mens. In view of the probable presence of sharp, 
cracklike defects in welded structures it is considered 
that the steel must be capable of resisting ““coheracic’’ 
stresses to the lowest temperature of service. For a 
riveted structure the probability is for the worst defect 
to be of less severe nature; hence, the steel is required 
only to resist a stress system of lower average triaxi- 
ality. In general, these views are not novel, Schnadt 
has merely defined a variety of stress conditions on a 
basis of the demands these various stress systems are ex- 
pected to make on the inherent resistance to fracture of 
the steel. Stress systems of a critical nature are 
deemed to have “low plastifving power,” i.e., to pro- 
mote brittle fracture. Noneritical stress svstems are 
deemed to have “high plastifying power,” i.e., to pro- 
mote ductile behavior. Thus, the inherent “‘plastifying”’ 
tendencies of the stress system are matched against 
the inherent plasticity of the metal and the quality of 
the metal is judged accordingly. 

To use Schnadt’s terminology, this investigation is 
concerned with evaluating the inherent plasticity or 
resistance to brittle fracture of ship steels for service 
conditions entailing stresses of lowest possible “‘plastify- 
ing power,” i.e., “coheracic” stresses developed at the 
root of the sharp cleavage cracks. Schnadt’s procedure 
for the evaluation of the temperature below which the 
steel is unable to resist brittle fracture in the presence of 
cleavage cracks is based on a critical energy value 
on the “ecoheracic’’ specimen—temperature transition 
curve. Schnadt claims, based on extensive engineering 
experience, that the steel is ““coheracic”’ (not subject to 
brittle fracture) only at temperatures for which the en- 
ergy absorption is greater than 2 Kg-M /em®?, this value 


corresponds roughly to 4 ft-lb. Figure 28 presents a 


120 


SC SS! 


EWERGY (FT LBS) 


| | 
FRACTURE | | | | 
_| TRANSITION + 
SCHMADT COWERACIC NOTCH 
| 

4 80 120 

TEMPERATURE (°F) 
Fig. 28 Typical Schnadt *‘coheracic”’ specimen transition 
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Fig. 29 Summary of Schnadt “coheracic” temperature-bulge fracture transi- rimmed and semikilled steels to the 
tion relationships 


typical Schnadt ““‘coheracic” specimen transition curve 
(details prov ided in Appendix B) in comparison to a 
Charpy V transition curve (both specimens LH type). 
The relation of the lowest “coheracic’’ temperature to 
the 0.010-to 0.020-in. shear lip temperature range of the 
crack-starter bulge test is also indicated ; Fig. 29 presents 
a summary of all comparison tests which were made. 
It is apparent that the Schnadt predictions of the upper 
temperature of possible catastrophic failure are in gen- 
eral agreement with the bulge test predictions. The 
two ultra-sharp-notch specimens are in mutual agree- 
ment in indicating that the use of an invariant Charpy 
V energy level for the evaluation of the brittle fracture 
characteristics of steels of different deoxidation practice 
is not possible. Apparently, the improvement ob- 
tained by the use of fully killed steels as compared to 
rimmed and semikilled steels is not as great as predicted 
by the shift in the Charpy V transition curves; the 
same comments apply to Keyhole transition curves. 
Figure 30 presents an example of the application of 
the Schnadt and erack-starter concepts to the perform- 


ance of a large-scale test structure. The composite 
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160 


illustration serves to demonstrate 
that the mutual predictions of the 
crack-starter and Schnadt tests for 
the brittle failure of Box Girder No 
1 at 80° F (WRC Investigation 
were fulfilled. 


PERFORMANCE OF IMPROVED 
MATERIALS 


If the correlations between the 
performance of the rimmed = and 
semikilled steels in the crack-starter 
tests and the performance of these 
steels in ship fractures are considered 
valid, predictions relative to the 
performance of improved ship steels 
are of considerable interest. In or- 
der to generzlize the predictions of 
the crack-starter tests it is necessary 
to consider the Charpy V* notch 
toughness quality of the improved 
steels in relation to the NBS data 
for the ship fracture steels. Further- 
more, it is essential to differentiate 
between the erack initiation and crack 
propagation aspects of the brittle 
fracture problem 

If one considers that crack initiation 
is the controlling aspect (‘cracks 
which do not start cannot run” 
theory) it is feasible to consider that 


180 200 220 240 
improvement of the present class of 


extent of eliminating the “start” 

portion of the population would 
suffice. This would mean eliminating all steels which 
develop less than 10 ft-lb V at 0° F, which may be 
taken as the lowest temperature of service, Analysis 
of the NBS data indicates this means the elimination of 
possibly 95% of the group, which does not appear to be 
a practical procedure. Metallurgical improvement of 
the class as a whole by shifting the average quality (10 
ft-lb V distribution) of the group to 30-40 F lowe 
temperature appears to be a more feasible approach 
From another \ iewpoint a selection procedure could be 
established by means of Charpy V or drop-weight test 
specifications assuring that suitable steels are used at 
critical positions in the ship. Inasmuch as a great 
preponderance of failures initiated at specific critical 
positions on the ships this process would serve to pro- 
tect these positions. The feasibility of such a pro- 
cedure naturally depends on the nature of shipyard 


operations. Such a procedure would modify the need 


* Note: The discussion is restricted to Charpy V criteria be- 
cause of the limitations of the available data for Keyhole speci 
mens 
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10 ft-lb transition which be 
achieved in comparison to the war- 
time ship steels. The 
“Vanity” HTS steels appear to be the 
only type which develop sufficiently 
low 10 ft-lb transition temperatures 
to indicate that the over-all popula- 
tion of the group may be expected to 
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resist fracture initiation at subzero 
temperatures; the fully killed (Si and 
Si-Al), low-carbon, high-manganese 
types show promise when in the nor- 
malized condition. 

Vanderbeck® has presented Charpy 
Kevhole data for a large number of 
as-rolled plates representing produc- 
tion heats covering a broad range of 
thicknesses, analyses and deoxidation 
practices. The average Keyhole mid- 
span transition temperature for the 
various types is summarized in the 
form of the upper graph of Fig. 31. 
These data were adjusted by a + 20 
F shift to represent the Charpy V 10 
ft-lb transition on a basis of the cor- 


relation which has been described, 


100 120 140 
TEMPERATURE °F 


20 40 60 80 


Fig. 30 
and Schnadt tests 


for a full 30-40 
the present steels. 


F shift in the average quality level of 


In general the drop-weight tests indicate that a shift 
in the 10 ft--b V temperature develops an essentially 
equivalent shift in the temperature critical to crack 
starting. The shift is somewhat less if a fully killed 
steel is compared to a semikilled or rimmed type, but 
the difference in the relative shifts is not great. Thus, 
in so far as crack starting is concerned, the Charpy V 10 
ft-lb temperature may be taken as a practical criterion 
irrespective of steel type. 

The limited number of steels of various improved 
types available for this investigation does not permit 
broad generalizations as to the shift in the Charpy V 
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the various assumptions and correla- 


and replotted on the lower graph. 


tions involved are valid, certain in- 

terpretations may be made as to the 
temperatures below which these various steels should be 
expected to behave as “‘source”’ types, i.e., permit crack 
initiation under elastic loading conditions: 

1. Steels of average quality classed as Liberty ship 
type should be capable of crack initiation over a wide 
range of temperatures ranging from 0 to 80° F, which 
agrees with service experience. The drop-weight duc- 
tility transitions for steels of this type (*/y-in. to 1-in. 
thickness only) ranged from 0 to 40° F. 

2. The ABS-B grade steels of average quality should 
not permit crack initiation above 0° F. Two #/,-in. 
steels of this type which were tested showed drop- 
weight ductility transitions of —20° F. 

3. The ABS-C grade steels of average quality should 
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not permit crack initiation above —30° F. No steels 
of this type were available for test. 

If one considers that crack propagation is the con- 
trolling aspect of brittle fracture, the Charpy specimen 
becomes a less reliable tool for assessment of the rel- 
ative fracture characteristics of different types of 
steels. As discussed previously a given temperature 
shift in the lower portion of the Charpy V curve (5, 10 
or 15 ft-lb criteria) does not result in equivalent shift in 
the maximum temperature of brittle fracture. This 
behavior is related to the general tendency of rimmed 
and semikilled steels to limit crack running to temper- 
atures encompassing the lower half of the Charpy V 
transition range while fully killed steels in general per- 
mit crack running to temperatures in the upper half of 
the transition range. In this respect the decrease in 
the highest temperature of brittle fracture obtained by 
the use of the fully killed steels investigated, as com- 
pared to semikilled and rimmed steels is disappointing 
Only the normalized HTS ‘Vanity’ type steels indi- 
cated shifts in the maximum temperature of crack run- 
ning to near-zero temperatures. 


RELATION OF MATERIAL AND 
STRUCTURAL FACTORS 


It is recognized that any generalization of the over-all 
proble m ol catastrophic failure of large welded struc- 
tures requires consideration of the factors of design, 
fabrication and materials. It is possible, but not nee- 
essarily feasible, to achieve a solution to this problem 
by eliminating deficiencies associated with only one of 
these three factors. The material problem, for example, 
is inherent to the unfortunate sensitivity of our common 
structural steels to a change in temperature of only 
20 to 40° F which, by perversity of chance, falls in the 
center range of atmospheric temperatures. If the 
transition from residual ductility sufficient to prevent 
the propagation of fractures to near-zero ductility 
which permits brittle fracture had occurred at the lower 


range of normal atmospheric temperatures (—20 to 
0° F), the problem would not exist. This suggests 


that the improvement required in our common struc- 
tural steels is not very great. It does not necessarily 
imply, however, that this may be achieved with ease, 
inasmuch as economic and production factors must be 
considered for large tonnage materials. In this respect 
the significance of small specimen transitions is a vital 
issue, for the extent of improvement which may be ob 
tained by feasible heat treatments, modifications of mill 
practice, analysis adjustments, ete., can be prejudged by 
practical methods only by the use of such specimens 
Unless the significance of small specimen test data is un- 
derstood, it is not possible to arrive at sound decisions as 
to the most feasible and most economical methods of im- 
proving our present materials. It is in this respect that 
the major efforts of this investigation have been di- 
rected. 

The effectiveness of improvements in design and 
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fabrication adopted during the last vears of wartime 
ship construction has been demonstrated by the signifi- 
cant reduction in the number of failures for this group 
of vessels. In general these improvements relate to 
minimizing the demands which are made on the notch 
ductility of the metal. To use Schnadt’s convenient 
terminology, this means “‘plastifying’”’ the design, i.e., 
eliminating stress features which reduce the inherent 
ability of the metal to resist brittle fracture. Poor de- 
sign such as the sharp corners of the original Liberty 
ship hatch design places inordinate demands on the 
weldability and inherent notch toughness of the steel 
As the result of poor design, plastic deformation may 
develop at constraint regions which operate under 
triaxial stress conditions. If the total deformation de- 
veloped exceeds the ductility of the weld or the HAZ 
weldability: problem) a crack is developed. At this 
point only the inherent notch toughness of the ship 
plates in the presence of the defect serves to prevent total 
failure. The presence of fabrication defects within the 
weld or the HAZ may be expected to intensify deficien- 
cies of design and weldability. 

Obviously, there are practical limits to improvements 
related to design, weldability and fabrication. Inas- 
much as design must be functional, it is not possible to 
eliminate openings, corners and other structural dis- 
continuities. The problem of effecting a weld without 
developing a damaged HAZ is far from complete solu- 
tion. If one considers the great variety of conditions 
under which welds are actually made and the limited 
knowledge we presently have of weldability of different 
steels as indicated by even a simple bead-on-plate weld 
it must be concluded that the actual quality of practi- 
cal HAZ is difficult to predict. 

The practical limitations which are inherent to any 
possible single method of obtaining a solution to this 
problem indicated the need for a combined approach 
based on obtaining feasible improvements in design, 
fabrication and materials. It is particularly desired to 
record this opinion in view of the limitations of the 
scope of this investigation to the material aspects of the 
over-all problem. 


SUMMARY 


1. A technique has been developed to investigate 
the inherent tendencies of steels for the initiation and 
propagation of brittle fracture in the presence of an 
initial cleavage crack. The technique is based on the 
development of the cleavage crack in a bead-on-plate ot 
brittle hard-surfacing weld metal during the loading of 
the test plate. The development of the initial cleavage 
crack is independent of the properties of the test ma- 
terial. Loading of the test plates is accomplished by 
the use of explosives for studies concerned with crack 
propagation. Drop-weight impact loading is used for 
studies concerned with crack initiation in the absence of 
appreciable deformation. 

2. The specific resistance to crack initiation of the 
steel under test is indicated by its relative ability to 
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develop deformation in the presence of the initial cleav- 
age crack in the brittle weld. At a temperature de- 
fined as the ductility transition the fractured test plate 
shows no deformation, indicating the immediate devel- 
opment of a brittle failure concomittantly with the 
development of the weld crack. Above this tempera- 
ture brittle fracture occurs only if continued deforma- 
tion is developed in the test plate following the forma- 
tion of the cleavage crack in the weld. This behavior 
is considered significant to the problem of crack initia- 
tion in welded structures which contain fabrication de- 
fects of the nature of cleavage cracks and which are de- 
signed such as not to develop appreciable deformation. 
Accordingly, the steels used in such structures are 
deemed to resist the initiation of brittle failure until the 
temperature falls to the critical ductility transition 
level. 

3. It is demonstrated that rimmed and semikilled 
ship plate steels of the type used in Liberty ships de- 
velop ductility transitions at temperatures for which 
the Charpy V energy falls below 10 ft-lb (range 3 to 8 
ft-lb) which is in agreement with the “source” plate data 
Fully killed steels develop ductility 
transitions at temperatures for which the Charpy V 


of fractured ships. 


energy may be as high as 15 ft-lb (range 5 to 14 ft-lb). 
Thus, the improvement in the resistance to the initia- 
tion of brittle fracture obtained by the use of fully 
killed steels is slightly less than indicated by the Charpy 
V transition criterion of 10 ft-lb. 

t. The specifie resistance to the propagation of 
brittle fracture is indicated by the development of shear 
lips on the fracture surfaces. At the ductility transi- 
tion temperature the amount of shear lip is essentially 
nil; however, with increasing temperature the shear 
lips become distinetly visible reaching a thickness of 
0.050 to 0.080 in., above which brittle fracture is no 
longer possible even with the high amount of elastic 
energy available with the use of explosion loading. The 
level of 0.010 to 0.020 in. was taken as the fracture 
transition in keeping with the observation that this 
thickness range is the maximum developed in ship 
fracture plates. The fracture transition temperature 
range is deemed to represent the temperature range 
above which the propagation of brittle fractures in con- 
ventionally loaded large welded structures is no longer 
possible. 

5. Correlation with the temperature range of major 
and minor failures of ship fractures and with “end” plate 
data of fractured ships indicates good correspondence 
with the fracture transitions of rimmed and semikilled 
steels of the type used in ship construction. 

6. Rimmed and semikilled steels develop fracture 
transitions at temperatures which generally fall in the 
range of 25 to 50°) energy of the Charpy V transition 
curve. Fully killed steels generally develop fracture 
transitions in the range of 50 to 75°% energy. Thus, 
the increased resistance to the propagation of brittle 
fracture obtained by the use of fully killed steels is con- 
siderably less than indicated by the Charpy V transition 
curves. 
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7. The ductility transition is not affected by orien- 
tation of the direction of fracture with respect to the 
rolling direction. The fracture transition occurs gen- 
erally at 10 to 15° F higher temperature for fracture 
propagation in the direction of rolling as compared to 
fracture propagation transverse to the direction of roll- 
ing. 

8. The Charpy Keyhole specimen also shows signi- 
ficant correlation with the ductility and fracture transi- 
tions. The energy transition curve of the Keyhole 
specimen is not suitable for correlation with the frac- 
ture transition, since this oecurs at temperatures which 
correspond to the essentially flat upper shelf ot 
the Keyhole curve. The fracture appearance transi- 
tion of the Keyhole specimen correlates with the crack 
propagation test fracture transition; rimmed and semi- 
killed steels correlate generally with 40 to 80°; shear 
while fully killed steels correlate with 70 to 100, shear 
The ductility transition oecurs generally at tempera- 
tures 20° F above the 15 ft-lb (or mid-span) Keyhole 
energy transition. 

9. The Sehnadt “coheracic’ 
ultra sharp pressed knife edge notch develops 2 KgM 


specimen featuring an 


em® energy (specified by Schnadt as the transition eri- 
terion indicating the critical temperature below which 
brittle fracture is possible in welded structures) at tem- 
peratures which are generally in close agreement with 
the fracture transitions. This correspondence holds 
for all types of steels investigated. 
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Appendix A 


DETAILS OF CRACK-STARTER TESTS 
The crack-starter test plate shown in Fig. | is pre- 
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o-in. wide, 


pared for welding by milling a groove ! 


in. deep and 2!/.-in. long. ‘The groove is are welded by 
means of two short beads started at each end of the 
groove and completed at the center; crater cracking is 
A thin 
abrasive disk is used to cut a notch in the weld metal 


The notch is cut to half depth of the weld and to within 


minimized by this technique rotating 


s-in. of the weld edges. Hard surfacing electrodes of 
the low-alloy, high-carbon type are best suited for 
crack starting. A proper electrode of this type de- 
velops a erack only at the notch position. Excessive 
brittleness to the extent that secondary cracks are de- 


veloped at other positions in the weld is undesirable. 


For this reason alloy white-iron, hard-surfacing elec- 


trodes are considered unsatisiactory The weld 1s 


considered fully effective if it develops a cleavage crack 
when the base metal reaches its yield point. 

The test plates are heated o1 refrigerated to the de- 
sired test temperature, placed over a circular die, Fig 
2, and loaded by the gas pressure developed by an ex- 
plosive charge detonated in air above the plate The 
explosive charge (4-lb Pentolite wafer) is positioned 
24 in. above the plate by means of an expendible card- 
board box. The force of the gas pressure serves to 
develop a small bulge on the unsupported area of the 
plate. The bulge depth resulting from this combina- 
tion of explosive weight and distance is approximately 

4tolin depending on the thickness of plate and the 
tensile strength of the steel. The use of greater loads 
serves no useful purpose inasmuch as the excess energy 
results only in driving the fragments against the base 
plate if brittle failure follows or in developing shear 
tears if brittle failure is not possible 

The shear lips developed on the fracture surfaces 
were first measured by means of a graduated stage 
microscope The measuring process Was later eCX- 
pedited by means of a technique based on comparing 
es; all 

The 


measurements for lips 


the width of the lip to the thickness of feeler gag 
measurements were made by a single individual 
reliable 


technique provided 


greater than 0.005 in.—lips of less than this amount 
were not measured. The rapid increase in the thickness 
of shear lips in the 20° F steps used in the investigation 
precluded the possibility of significant measurement 
errors. The various branches of the fracture developed 
shear lips of uniform thickness 

The drop-weight specimen was prepared in exactly 
the same fashion as described above. Surface grinding 
of the sides was required for lateral reduction measure- 
these measurements were performed 


ments; using 


micrometer calipers. The conditions of the sides are 
not critical, saw or flame-cut edges may be used for 
routine testing. 


The drop-weight equipment was fabricated with 


angle iron sections for the guides and a heavy plate for 
a base The drop weight was constructed from a steel 
block: a hardened steel round welded to the block 
served as the striking tup; small bars welded to the 
sides of the block served to provide easy fit alignment 
Phe anvil 
with hard- 


with the channel sections during the drop 
section was constructed from a steel plate 
ened steel rounds for the specimen supports; these were 
spaced 12-in. between centers The dimensions of the 


r ol the 


equipment specimen are not critical. The 


drop We ight used Ww ighed 60 Ib and Was release | Irom a 
height of approximately 6 ft. Because of the nature of 
the test the energy release does not need to be exactly 
reproducible. In fact, wide differences in the height of 
the drop were found not to affeet the test results as long 


as the drop was sufficient to develop at least the : 


lateral contraction needed to produce the weld crac k 


It should be reeorded that in nearly 1000 tests en- 


this 


tailing bulge and drop-weight specimens, made in 
and other investigations under way, no case of failure 
of the weld to develop a brittle fracture has been ob- 
rved. The brittle weld has been shown to be fully 
to temperatures at least as high as 200° I 
high-carbon steels) for both the bulge test and the 
drop veight test It should also be noted that in 
nearly 75 bulge transition series (75 XK 6-S specimens o1 
approximately 600 tests) including alloy ard cast steels 
tested to date, no reversals have been observed in the 
continuous smooth change of the fracture pattern and 


ippearance with temperature 
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DETAILS OF SCHINADT SPECIMEN TESTS 
The Schnadt specimens were prepared In contorme 
ance to the requirements outlined in Reference 7 


The V notch was first machined to 0.063 in. in conven- 
the knife-edge notch was added by press- 
base of the \ 


This operation was performed by means of an 


tional fashion; 
ing a tungsten earbide tool into the 
noteh 
aecurate alignment jig using tensile testing machine 
The depth ol 
the complete notch was held to close tolerance (0.079 
+ ().002 in 


readings were made for approximately 50°7 of the speci- 


loading at controlled rate (0.01 ipm 
by means of a dial gage; microscope check 


The compression pinhole was made by a ream- 
0.0005 


me is 
ing operation with tolerances of 0.197 4 
O.O000-in 


ground to close tolerances of 0.1965 + 0.0008 


rhe hardened steel compression pins were 
0.0000 
in. A standard Charpy machine was used for testing; 
the ft-lb values obtained were plotted directly and a 
Kg 


values required for the evaluation of the test results 


eonversion scale Was used to denote the 
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Inert-Gas Shielding of the | 


eallic Arc 


® Burn-off rates and spatter losses in inert-gas-shielded 


metal-arc 


by William L. Green and Robert J. Krieger 


Summary 


An investigation was conducted to study burn-off rates and 
spatter losses accompanying the shielding of the are of ®/y.- x 14- 
in. carbon steel electrode (polished core wire) with inert gases. 
Burn-off rates and spatter losses of bare polished core wire used 
without shielding are included for the sake of comparison. In 
addition to using different gas shielding media several sets of data 
were taken for varying current and voltage ranges on both straight 
and reverse polarity direct current 

The higher currents which can be used with inert-gas shielding 
produced much greater burn-off rates than lower currents usable 
with no shielding. Also, much lower spatter losses were noted 
for the shielded ares. In addition, it was found that straight 
polarity currents produced higher burn-off and lower spatter 
loss than reverse polarity, all other conditions remaining the 
same. 

Two types of metal transfer in the inert-gas-shielded consum- 
able-electrode are were observed on high-speed motion pictures 
The actions of the are ean also be observed quite well on these 
pictures. The high-speed picture also serves as a means of com- 
paring or noting the differences in the are effected by the different 
shielding gases. The sources of spatter could also be fairly 
well determined from the films. 


INTRODUCTION 


URING recent years much work has been done in 
developing the newest welding process utilizing 
an inert-gas shield with consumable electrode. 
This process was initially developed to weld 

aluminum and magnesium. Most recently attempts 
have been made to extend the development of this 
process to weld stainless and mild steels. 

As far as the operation itself is concerned, it is known 
that steel can be successfully welded with this process. 
However, there are certain effects of this process which 
do not allow the resulting weld to meet the metallurgical 
and physical standards demanded of a weld, and so 
easily obtainable with other widely used processes. 
The most undesirable effects of the process are porosity 
and low ductility. 


William L. Green is Instructor and Robert J. Krieger is Assistant Professor 
with the Department of Welding Engineering of the Ohio State University 
Columbus 10, Ohio 


Presented at the Thirty-Third National Fall Meeting, AWS. Philadelphia, 
Pa. week of Oct. 20,1952 Closing date for discussion Feb. 15, 1953 
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welding 


with carbon steel electrodes 

This investigation involves the use of fairly large 
diameter core wire of the type now used for com- 
mercially coated electrodes of the E-60 series, where as 
the majority of work done to date utilized small diam- 
eter core wire. 

The main objective of this initial phase of the in- 
vestigation was to determine the operating character- 
isties such as burn-off rate and spatter loss. No 
attempt has yet been made to study weld quality or a 
means of improving ductility or decreasing porosity. 
This is to be handled in a later phase. 


EQUIPMENT 


All welding was done with an electronically controlled 
welding head. The apparatus is shown in the photo- 
graph of Fig. 1. This system controlled about a preset 
are voltage with an average error of approximately 
+0.5 v for the shielded ares and approximately + 1.0 \ 
for the unshielded are. The term “unshielded” is 
used to identify the are when no shielding gases other 
than the atmosphere are used. The term ‘“‘atmospheric 
are’ may also be used to identify the same condition. 

The power supply, a 300-amp d c rectifier type, 
was selected because its static and dynamic charac- 
teristics were quite identical as compared to any motor- 
generator set where the characteristics may differ 
quite widely. A static load, a resistor bank of nichrome 
heating elements, was used to set the machine at a 
given operating point, i.e., 24 v and 150 amp. 


Fig. | Control panel with welding head shield 
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Fig. 2) Welding head and gas nozzle assembly 


The shielding gases were introduced around the are 
through a modified Heliare HW-4 torch assembly as 
shown in the photograph of Fig. 2. Gas flow was 
controlled by standard flowmeters. In tests involving 
a mixture of argon and helium, the mixing chamber 
of a small oxy-acetylene torch was utilized as a method 
of mixing the gases ahead of the nozzle. 

Current and voltage values were taken from recording 
meters which also were used in conjunction with the 
static load to obtain any desired operating condition 

Metal transfer, spatter and arc action were recorded 
on film with a high-speed camera at an exposure rate 
of approximately 3500 frames per second. Simultane- 
ous oscillograms of current and voltage were taken dur- 
ing several of the operations 


MATERIAL ANALYSIS 


The analysis of the electrode material and the plate 


material is as follows: 


Electrode Plate 

Carbon, % 0.11 0.23 

Manganese, “% 0.41 0.48 

Silicon, % 0.02 0.08 

Phosphorus, © 0.01 0.012 
I 

Sulfur, % 0.024 0.044 


Test plates were sheared from 1-x *, s-in. bar stock 

Although the above analyses have little to do with 
the results of the investigation as reported in this 
article, it was deemed wise to include such analyses in 
the event this investigation be carried further to deter- 
mine the effect on weld quality. 


SHIELDING GASES 


‘he following gases or mixtures of gases were used as 
shielding media: Argon, standard purity; helium, 
standard purity; argon-helium, 50-50 mixture; sigma- 
argon (approximately 5°, oxygen The rate of gas 
flow was set at 40 to 50 efh for all tests. Although 
it would undoubtedly be desirable to investigate several 
other ratios of the mixtures of argon-helium and argon- 
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oxygen, the time limit imposed on this phase of the 
investigation made it impossible to do so 


TEST PROCEDURE 


Since it was desirable to keep plate preparation at a 
minimum a bead on bar test was used with all welding 
being done in the flat position with the electrode held 
vertical 

Klectrodes were weighed in lots of 25 each and the 
average weight taken as the weight of each electrode. 
All plates were weighed and stamped prior to welding 
About 8 to 10 in. of a 14-in. rod were burned off during 
each test. The welding time was determined by means 
of a manually operated stop watch. 

\fter removing all spatter, each weld piece was care- 
fully weighed as was the electrode stub All weights 
were recorded to the nearest tenth of a gram. Hence, 
the data now recorded were used to calculate burn-off, 
deposition, and spatter loss. 

It was decided to take data over ranges of both cur- 
rent and voltage on both straight and reverse polarity 
d-c operation with each shielding medium used. ‘The 
current was held constant while the voltage was varied 
by a few volts for each test in a series of tests. In 
contrast the voltage was held constant while the current 
was varied for each test in the series. This resulted in 
quite a range of operating conditions from which to 
gather data. 


TEST RESULTS 
All data have been graphed using straight-line plots, 
as calculated by the least squares method, to provide 


a clearer presentation. 


Burn-off Data 


The general effect of shielding is to increase the burn- 
off rate considerably. However, the actual increase 
is due to the higher currents that can be used with a 
shielded are. The effect of the shielding gases relative 
to the polarity of the current is of particular interest 
teverse polarity produces a higher rate of burn-off 
than straight polarity with the unshielded are for any 
given set of current and voltage conditions. However 
for each of the shielding gases used, the opposite is 
quite true. Straight polarity produced the higher 
burn-off rate in each case. In some cases an increase 
of 50°% can be noted in the plots of Fig. 3 

It is also noticeable that the burn-off rate increased 
quite sharply as the current was increased in each 
case. Another interesting observation is that the range 
of operation, i.e., current variation, is much greater 
in most cases where the arc is shielded. The exceptions 
to this are the helium, straight polarity and argon- 
helium, straight polarity ares 


Figure 3 also shows that, regardless of polarity, the 
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Fig. 3 Burn-off rates vs. are current with voltage held 
constant 


burn-off rate obtained with a mixture of argon-helium 
is much greater than that obtained with helium, but 
less than that obtained with argon. This seems to indi- 
cate that the argon is predominant, which is in accord 
with the findings of Prof. T. B. Jones in his paper, 
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“Characteristics of the Tungsten Are in Argon-Helium,” 
AIRE Electric Welding Conference, April 18, 1952. 

Figure 4 is a series of plots of burn-off rate vs. arc 
voltage; the tests where the current was held constant 
and the voltage varied. Operating at a higher are 
voltage, i.e., longer arc, decreased the burn-off rate 
very slightly with the exception of sigma-argon where 
the increase is considerably sharper. 


Spatter Data 


Figure 5 is a series of plots showing spatter loss as 
percent of burn-off vs. current. It can readily be seen 
that the greatest spatter loss occurred with the un- 
shielded are. The spatter loss is seen to increase quite 
sharply with current, especially with the unshielded arc 
There are two cases where the spatter shows a tendency 
to decrease with increase in current. The amount of 
data obtained in these two cases—argon-helium and 
sigma-argon straight polarity-—-may not be sufficient 
to present a true picture, however. 

Plots of spatter loss vs. are voltage are shown in Fig 
6. When the current was held constant and the voltage 
increased, the spatter loss increased sharply with the 
exception of sigma-argon straight polarity. It is also 
interesting to note that reverse polarity produced higher 
spatter losses than straight polarity. 

Three types of spatter loss are recorded on the high- 
speed motion pictures of the various ares. Spatter 
is noted to originate from the puddle in the form of fine 
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Fig 6 Spatter loss vs. arc voltage with current held 
constant 


particles of metal traveling at extremely high velocities 
and for considerable distances. These particles were 
found to be very porous indicating that this may be 
one method by which gas escaped from the puddle 
Fine spatter also emanated in much the same mannet 
from the molten globule on the electrode 

A third source of spatter exists when metal transfer 
occurs through short-cireuiting of the are The re- 
ignition of the are is usually so \ iolent that large par- 
ticles of metal are hurled away from the puddle and the 
end of the electrode. 

It would be difficult to determine which source pro- 
duces the greatest amount of spatter llowever, it is 


believed that the majority of it comes from the puddle. 


METAL TRANSFER 


Two distinct types ob me tal transfer were observed 
during this investigation. One type involves the build- 
up ola molten globule on the end of the electrode which 
increases in size until it becomes dislodged from the 
electrode and moves to the puddle as a free globule, 1.e., 
not in contact with either the electrode on puddle 
Voltage variations were noted on oscillograms indicating 
this transfer: however, the are is maintained either 
around or through the globule. 

The other type of transfer occurs when the molten 
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globule build-up on the electrode contacts the puddle 
while still attached to the electrode. During the re- 
sulting short circuit of the are the metal transfers across 
the molten column from the electrode to the work 
As the trensfer of the fused mete! nears completion 
the molten column decreases in cross section until 
the current density reaches a value which breaks the 
column and the are is re-established 

The type of transfer occurring seems to be a function 
of the are length. Short-cireuit transfer occurs with 
short are lengths while free-globule transfer accom- 
panies longer are lengths. Between these two condi- 
tions exists a renge of are lengths vielding a combination 
of the two tvpes These transitional are lengths and 
their corresponding voltages, producing free globule 
and short-circuit transfer, do not have the same values 
for different geses and it is indicated they are not con- 
stant for a given gas shield but vary with the current. 
Additional information will be required to establish 
the actual transitional are voltages for the various 
gases at different currents The preceding discussion 
is based on the limited number of observations which 


were possible in connection with this investigation 


CONCLUSION 


It is apparent that the introduction of an inert gas 
as a shielding medium produces pronounced changes 
in the behavior of the metallic are and that these 
changes are not due to merely excluding the atmos- 
phere but involve the electrical and thermal character- 
istics of the gas 

Reve rse polarity current produced a stable are when 
it was shielded with all of the gases except helium 


Helium shielding resulted in an unstable are, making 


control within the desired limits extremely difficult 
Straight polarity current resulted in an unstable are 
requiring higher are voltages to maintain suitable 
welding characteristics. The single exception to this 
straight polarity characteristic was sigma-grade argon 
The iddition ot oxygen to argon stabilized the are 
appreciably when using reverse polarity as well as 
straight polarity current 

Although the data are not conclusive, the free- 
globule tvpe transfer exhibited better welding character- 
isties than did the short-cireuit type. The globules 
transfer at extremely high velocities and, although all 
welding in this investigation was done in the flat 
position, it would seem that all position welding could 
be done satisfactorily 

The speeds ol travel attainable vith the shic Ided 
are were considerably higher than those used with 
the atmosphere are, but straight polarity vielded very 
light penetrations 

The reverse polarity shielded arc, allowing the use 
of high currents with the corresponding high rates of 
burn-off, low spatter loss, adequate penetration, and 
high speeds of travel, should find many practical appli- 


cations in the welding industry. The straight polarity 
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are exhibits higher rate of burn-off, lower spatter 
loss, less penetration and allows slightly greater speeds 
of travel. This is an excellent means of welding light 
gauge sheet. 
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Porosity in Mild Steel Weld 
Metal 


Discussion by D. L. Mathias 


“POROSITY in Mild Steel Weld Metal” as reviewed 
by Messrs. Warren and Stout in the Welding Research 
Supplement of the August 1952 Wetpinc JourNAL 
is « Valuable contribution to our knowledge of welding. 
This review, coupled with others which have appeared 
in the JourNAL, serves to provide a better understand- 
ing of the mechanics of welding that can only reflect 
in ultimate advancement of the science. Obviously, 
the completeness and accuracy of such reviews are 
limited to the extent of the references available and to 
interpretations of the results of the various investiga- 
tors quoted. 

Some portions of the material presented in the sub- 
ject review are apt to create false impressions in the 
absence of factual data to the contrary while other 
portions of the review cover material which are of a 
controversial nature. The following comments, based 
on metallic are welding with covered electrodes, are 
offered for the purpose of supplementing the review 
and also as discussion of some of the statements lest 
they work to the detriment of a specifie product, 
process or procedure. 


ROLE OF DEOXIDIZERS 


Deoxidation as it affects the quality of are-deposited 
welds has been recognized and practiced in this country 
since the introduction of covered electrodes which was 
long before Blomberg. Not only has deoxidation been 
accomplished singly by the use of Mn and Si but mul- 
tiple deoxidation employing Ti, Zr and other elements 
is old in the field of electrode design. 

D. L. Mathias is connected with the Arerods Corp 


Paper by Donald Warren and R. D. Stout was published in Tue Wetpoine 
Journat, 31 (8), Research Suppl. 381-8 to 386-6 (1952). 
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While deoxidizers are decidedly beneficial in promot- 
ing weld soundness, they must be used judiciously 
with due regard to their influence upon the mechanical 
properties as well as the elimination of porosity. 
Overdeoxidation may be more detrimental to weld 
quality than the presence of a slight amount of por- 
osity. Quite complex deoxidation sy: ems are em- 
ployed with many electrodes to arrive at a balance of 
weld soundness and mechanical properties required to 
meet rigid specification requirements. 


MULTIPASS WELDS 


“Hot” electrodes (EXX20) have been used success- 
fully for over 20 vears to deposit multipass welds in 
heavy plate to the highest radiographic standards 
This electrode was of European origin and in its orig- 
inal form, considerable trouble was experienced with 
porosity. It was completely redesigned to meet 
American requirements and, in its present form, welds 
of acceptable soundness are obtained with little diffi- 
culty. The ease of obtaining sound welds with “hot 
rods” surpasses that of most types of electrodes and is 
equal to that of the low-hydrogen type. 

Rutile-type electrodes are not noted for their ability 
to deposit radiographically sound welds, nor do existing 
specifications impose such a requirement. They are 
intended primarily for high-speed welding of light 
materials and for work with poor fit-up. For this 
class of work they perform admirably. Some Euro- 
pean versions of the rutile rod deposit welds comparable 
in quality to American “hot-reds” but at a considerable 
sacrifice in operating characteristics according to our 
standards of evaluation. Sensitivity to are length, a 
highly fluid slag which restricts their use and low de- 
position rate are amo'c }he limitations of this electrode 
when compared | hot-reds” of the EXX20 class. 


PREVENTIO® GF POROSITY 


Avoiding porosity by “eliminating gas-producing 
impurities from the are throngh the use of moisture 
free welding materials’ touches upon a highly con- 

(Continued on page 595-8) 
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Hifect of Stresses on Strength of 
Circumferentially Welded Cylinders 


® Residual welding stresses in circumferential butt- 
welded pipe are inconsequential and can be relieved 
mechanically when loaded over as-welded yield strength 


by L. J. Privozsnik 


Abstract 


An investigation has been made to determine the effect of 
residual stresses and stress relief on the mechanical properties of 
mild steel cylinders containing circumferential butt welds 

It was found that under high internal pressures, in cylinders 
in which the parent metal was of equivalent strength to the weld 
metal, the circumferential band of weld metal in the as-welded 
cylinder resisted the expansion and increased the bursting 
strength of the cylinder to a greater degree than did the band of 
weld metal in the stress-relieved cylinder. In cylinders in which 
the parent metal was of greater strength than the weld metal the 
circumferential band of weld metal had little or no effect on the ex- 
pansion and bursting strength of as-welded compared with stress- 
relieved cylinders. 

Circumferentially butt-welded cylinders with high longitudinal 
restraint had considerably lower ductility and somewhat lower 
strength than did similar cylinders with normal restraint when 
tested at a temperature of —40° I 

The effect of residual stresses existing in the weld metal is 
believed to be inconsequential since the data indicate that the 
residual stresses can be relieved mechanically, during the first 
instance of loading over the as-welded yield strength, with no 
subsequent deterioration of mechanical properties 


INTRODUCTION 


T IS generally believed that residual stresses produced 

during the welding operation are detrimental and 
will result in a reduction im the strength and due- 
tility of the weldment. Residual stresses in weld- 
ments are commonly reduced in magnitude by means 
of thermal stress-relieving treatments. However, the 
decrease in strength of the weldment due to the thermal 
treatment often is ignored. 

Several investigations’ * have been conducted to 
determine the magnitude and distribution of residual 
Stresses in circumferential butt welds in pipe. The 
results of these investigations indicated that as-welded 
pipe had high-tensile longitudinal stresses (25,000 to 
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30,000 psi) at the inner surface of the weld and equally 
high compressive stresses at or near the outer surface 
of the weld. The circumferential stresses were found 
to be relatively low in magnitude (5000 to 15,000 psi 
compressive at or near the inner surface and tensile 
at or near the outer surface. Stress relieving at 1200 
I for 1 hr effeetively reduced the magnitude of the 
longitudinal stresses but had only a small effect on the 
circumferential stresses. 

The stresses and their distribution were assumed to 
have been due to bending moments produced by the 
shrinkage of the circumferential band of weld metal 
in the as-welded pipe.2. These bending moments might 
be of a favorable nature should the pipe be subjec ted 
to high internal pressure, since the bending moments 
would tend to resist expansion forces due to high 
internal pressure; a stress-relieving heat treatment 
might nullify this condition. The present investigation 
has been carried out to determine the effects of residual 
stresses and of stress relief upon the mechanical proper- 
ties of circumferentially butt-welded mild steel cylinders 
tested under high internal pressure at room tempera- 
ture, 75° F, and at abnormally low temperature, 

10° 


EXPERIMENTAL PROCEDURE 


Five mild steel eylinders, 6.60 in OD, 0.235 in. wall 
thickness and 24 in. over-all length, and four medium 
carbon steel eylinders 10.63 in. OD, 0.375 in. wall 
thickness and 33 in. over-all length, were prepared, 
each containing a circumferential butt weld, in the 
center of the cylinder, made with E-6011 electrodes in 
accordance with the conditions shown in Table 2 
The chemical compositions and hardness of the pipe 
material and weld metal are shown in Table 1 All 
welds were single-V 60 deg included angle butt welds 
welded without backing straps. 

SR-4 strain gages were cemented on the outer surface, 
in longitudinal and circumferential directions, at various 
locations along the weld of cylinders Nos. 1, 3, 6, 7, 8 
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Table 1—Chemical Composition and Hardness of Parent 
Metal and Weld Metal 
Hard- 

— Chemical composition, %—— ness, 
Material Cc ain Ss Si BHN 
6.60-in. OD pipe 0.15 0.44 0025 0.02 0.12 105-110 
10.63-in. OD pipe 0.35 0.88 0.27 160-172 
b-6011 weld metal 

(as-welded 0.12 0.40 OO11 0.027 0.18) 120-130 


and 9 and on the base metal 2'/, in. from the weld 
center line on eylinders Nos. | and 3. SR-4 Type A-7 
strain gages were used on cylinders Nos. 1 and 3 and 
SR-4 Type Pa-3 (postyield) strain gages were used 
on the remaining evlinders. 

All cylinders except eylinder No. 5 were hydrostati- 
cally loaded under two cycles of pressure. During the 
first pressure cycle loading was applied until a pressure 
corresponding to the yield strength of the material 
During 
the second pressure cycle loading was applied until 
failure occurred. Cylinder No. 5 was loaded to failure 


was reached; pressure was then released. 


under one cycle of pressure. 

Due to the type of restraint on cylinders Nos. 6 and 
7 (see Fig. Ib) the additional stresses produced by the 
internal pressure resulted in a circumferential to longi- 
tudinal stress ratio in the cylinder of 3:1. In the 
absence of restraint in the remaining seven cylinders 
(see Fig. la) the internal pressure produced a circum- 
ferential to longitudinal stress ratio of about 2:1 
Cylinders Nos. 7, 8 and 9 were tested at a temperature 
of —40° F, and the other six cylinders were tested at a 
temperature of 74° F. A schematic diagram of the 
equipment used for testing cylinders under high pressure 
at room temperature is shown in Fig. 2 and for testing 
cylinders under high pressure and low temperature is 
shown in Fig. 3. 

The strain gages, due to their high sensitivity, were 
able to indicate very slight yielding of a magnitude 
which was not revealed by the pressure gage. 

To obtain a temperature of —40° F in the cylinder 
a solution of water and alcohol was circulated through 
the evlinder and through a heat exchanger connected in 
series with the cylinder. The heat exchanger consisted 


of a number of copper coils immersed in a mixture of 
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pressure head 


Top pressure 
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NOTE: All welds indicated by solid shading 


Fig. 1 Cross-sectional diagrams of cylinders having 
circumferential to longitudinal stress ratios of 2:1 (a), 
and 3:1 (b), during testing 


dry ice and acetone. A layer of dry ice, packed in the 
insulated protective shield, aided in maintaining the 
low temperature during testing. 


Nitrogen filled 
surge tank 


Protection 

shield 
Fig. 2) Schematic diagram of equipment used for testing 
cylinders at high internal pressure and at room tempera- 
ture 


Table 2—Preparation of Cylinders 


Wall 


thickness, in. 


235 100 


Welding procedure 
F preheat, 1200° F stress 


Remarks 
Weld reinforcement removed 


relief for 2 hr 


235 400 


F preheat, 1200° F stress 


Weld reinforcement retained 


relief tor 2 hr 


235 No preheat, no stress relief 
235 No preheat, no stress reliet 
235 No preheat, no stress reliet 
375 No preheat, no stress relief 


No preheat, no stress relief 


No preheat, no stress relief 
F preheat, 1200° F stress 


400 


Weld reinforcement removed 

Weld reinforcement retained 

Weld reinforcement removed 

Welded under high longitu- 
dinal restraint, reinforce- 
ment removed 

Welded under high longi- 
tudinal restraint, rein- 
forcement removed 

Weld reinforcement removed 

Weld reinforcement removed 


relief for 2 hr 
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RESULTS 
Strain data obtained during testing of the cylinders 
and plotted against pressure are presented in Figs 
through 9 


readings. 


The strain data are the actual strain 
Principal stresses, producing the measured 


strains can be obtained by using the following relation- 


ships: 
l 
E 
l 
= (S; — ws,) 


where e, and « are the measured circumferential and 


filled 


surye tonk 
Pressure 
gage 


High | 
pressure | 

hydroulic } 
reserve tonk 


Heot 
exchonger 
| 
Z- insulated protection 
| shield 
rh 
“= Low pressure 
circulcting pump 


Fig. 3) Schematic diagram of equipment used for testing 
cylinders at high internal pressure and at low temperature 
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Fig. 4 Changes in strain with pressure for welded and 
stress-relieved cylinder, cylinder No. 1 
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longitudinal strains, S, and S,; are the principal circum- 


ferential and longitudinal stresses, uw 1s Poisson’s ratio 
and F is Young's modulus. 


Determinations of the principal stresses (see sample 
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Fig. 5 Changes in strain with pressure for as-welded 
cylinder, cylinder No. 3 
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Fig. 6 Changes in strain with pressure for as-welded 
cylinder, cylinder No. 6, tested at 75° KF under high 
longitudinal restraint 
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Fig. 7 
F under high 


cylinder, cylinder No. 7, tested at —40° 
longitudinal restraint 


calculations) show that the circumferential to longi- 
tudinal stresses are in the ratio of 3:1 for cylinders Nos 


6 and 7 and about 2:1 in the remaining evlinders. 
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Fig. 8 Changes in strain with pressure for as-welded 
cylinder, cylinder No. 8, tested at —40° F 
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Fig. 9 Changes in strain with pressure for stress-relieved 
cylinder, cylinder No. 9, tested at —40° F 


Sample Calculations 


Determinations of the principal (circumferential 
and longitudinal) stresses from the measured strains 
taken from the pressure-strain curves for Cylinder No. 


6 (Figs. 7) and Cylinder No, 1(Fig. 4) are shown below. 


For Cylinder No. 6: 
Circumferential strain, = 600; 


strain, é = 25, 


longitudinal 


Solving (1) for S, in terms of 8, 
= 6OOE +7uS, 
Substituting (3) into (2) and solving for S; 
lL — 
Substituting (4) into (3) and solving for S, 
S, = 600F + 226E = 678E 
The ratio of the principal stresses, therefore, is 
8. 678E 
= = 3.0 
For Cylinder No. 1 


Circumferential strain, «. = 900; 
longitudinal strain, ¢, = 220. 


l 
E US. 
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E 
Solving (7) for S, in terms of S; 
S, = 400EF + 
Substituting (9) into (8) and solving for S; 
E = 220E 10 
Substituting (10) into (9) and solving for S, 
S. = 400E + 220E = 466F 
The ratio of the principal stresses is 
8. 106k 


= l 
S; 220K 

A summary of the mechanical properties of the welded 
Standard 


Charpy V-notch transition temperature data for the 


evlinders after testing is given in Table 3. 


materials tested at low temperature are presented in 
Fig. 10 (weld metal and heat-affeeted zone included 
only in the as-welded condition 


DISCUSSION OF RESULTS 


Interpretation of Strain Gage Data Obtained 
During Cyclic Loading 


The pressure applied during the first pressure cycle 
for each cylinder was limited to a level corresponding 
approximately to the yield strength of the material, 
thus minimizing excessive cold working of the material 
for the 
stress-relieved weld metal, and for the parent metal 2.5 in. 


The pressure-strain curves (Figs. 4 and 9), 


from the weld in both the as-welded and stress-relieved 
cylinders (Figs. 4 and 5), are essentially straight and 
parallel up to a pressure corresponding to the yield 
strength of the material for the two pressure cycles 

The pressure-strain curves for the weld metal in the 
as-welded evlinders (Figs. 5 through 8) indicate that 
vielding occurred at lower pressures during the first 
pressure cycle than during the second pressure cycle 


and also at lower pressures than for either of the two 


Table 3—Summary of Mechanical Properties of Pressure-Tested Welded Cylinders 


Reduction (1 umferentia pressure 
in wa elongation Unit Unit 
Test Stress thickness Base yield rupture 
Spee temp ratio of weld Weld, meta Yielding, Failure, stress, stress 
No Remarks C/i ps psi ps ps Failure 
l Stress-relieved, no 75 2:1 31 14.0 15.0 3200 4500 15,000 63,000 Rupture in center 
reinforcement, of cylinder 
Two-pre ssure 
eveles 
2 Stress-relieved 73 2:1 9.6 12.0 3500 1950 19,000 69,500 Failure due to 
reinforcement small tear wu 
retained One- central weld 
pressure cle 
3 As-welded, no 75 6 98 5000 30,900 70,000 Rupture in center 
reinforcement 3400" 17.700 of cylinder 
Two-pressure 
eveles 
{ As-welded 7D 1.5 6.5 3700 53008 52,000 74,000 Premature failure 
reinforcement due to small tear 
retained. One- in head weld 
pressure cycle 
5 As-welded, no 75 2:1 5.6 7.1 3500) 5100 19,000 71,500 Failure due to 
reinforcement small tear in 
One-pressure central weld 
evele 
6 As-welded. Longi- 75 3:1 13.3 6.0 6.8 1800 6550 25,600 92,800 Failure initiated 
tudinal restraint 2800? 39,800 in weld propa- 
Two-pressure gated across 
eveles length of evyl- 
inder 
7 As-welded —40 3:1 1.6 3.4 3.¢ 2000" 6450 28,400 91,500 Failure initiated 
Longitudinal 2800" 39, 800 in weld propa- 
restraint, gated across 
Two-pressure length of cyl- 
cycles inder 
S As-welded —40 3:3 11.2 8.2 8.2 1600" 6950 22,700 98,500 Failure initiated 
Two-pressure 3200° 15,500 in weld propo- 
cycles gated across 
length of evl- 
inder 
9 190° preheat, —40 ae 11.2 8.0 8.0 3200 6§900° $5,500 98,000 Failure did not 
1200° F stress occur 


relief Two- 
pressure cycles, 


1it stresses (vield and rupture) calculated from hoop stress formulas which are based on elastic loading 


> Yielding as indicated by fluid pressure gage. 

¢ Yielding as indicated by SR-4 electric resistance strain gages. 
4 Maximum pressure attained 

* Maximum pressure obtained but failure did not occur. 
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existing in that area were negligible 
and had little or no effect on the in- 
itial yielding of the material. 

Thermal stress-relieving treatments 
are given to welds because it is a gen- 
erally held opinion that the presence 
of residual stresses in a weldment will 
materially reduce the strength and 
ductility of the weldment. The fact 
that the thermal stress-relieving treat- 
ment will reduce the strength of the 
weldment is often ignored. The re- 
sults of this investigation 
that although there were 
stresses present in the weld metal of 


indicate 
residual 


the as-welded cylinder they were re- 
lieved mechanically (mechanical stress 
relief as evidenced by vielding occur- 
ring at a lower pressure during the 


-100 
Temperature - °F 


Fig. 10. 
metal and E-6011 weld metal 


pressure cycles of the welded and stress-relieved eylin- 


ders (see Figs. 4 and 9). The yield strength of the 
weld metal in the as-welded condition is greater than 
that of stress-relieved weld metal (see Table 4). 


Table 4—Tensile Properties of E-6011 Weld Metal 
Yield strength, 
pst 
52 000-60 , 000 
17 000-54 ,000 


Tensile strength, 
pst 

65 000-70 , 000 

60 , 000-68 , 000 28-36 


Elongation, 


Condition % in 2 in. 


(s-welded 


Stress-relieved 


99_* 


Yielding of the weld metal in the as-welded cylinder 
during the second pressure cycle occurred at a pressure 
corresponding to the yield strength of the material. 
This indicates that the vielding which occurred during 
the first pressure evcle was essentially that required to 
relieve residual stresses and not sufficient to strengthen 
the material by cold working. 

Pressure-strain for the 
obtained from eylinders Nos. 1 and 3 and the results 


data parent metal were 
were assumed to apply to the other eylinders tested. 
The absence of any vielding below a pressure corres- 
ponding to its vield strength in the parent metal 2.5 
in. from the weld in both the as-welded and _ stress- 


relieved cylinders indieates that any residual stresses 


Stress-relieved circumferentially welded cylinder 
F under a circumferential to longi- 
Weld reinforcement removed 


Fig. 11 
(No. 1), tested at 75 
tudinal stress ratio of 2:1. 
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Charpy ¥-notch transition temperature curves for 0.359 C parent 
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300 first pressure cycle in the as-welded 
eylinder than in the stress-relieved 
cylinder) during the first pressure 

eyele without reducing the ultimate 
strength of the cylinder. Failure of the as-welded 
cylinders during the second pressure cycle occurred at 
equivalent or greater pressures than did failure of the 


welded and stress-relieved evlinders. 


Properties of Cylinders in Which Weld Metal and 
Parent Metal Are of Equivalent Composition 
and Strength 


The evlinders in which the weld metal and parent 
metal were of comparable composition and strength 
were tested at a temperature of 75° F and under a 
circumferential to longitudinal 2:3 

A comparison of circumferential elongation of the 
evlinders from which the weld reinforcement had been 
removed by machining indicates that the conditions 
produced by welding (metallurgical properties and/or 
stress state) tend to resist the expansion due to internal 


stress ratio of 


pressures when the weld metal is of equivalent or greater 
tensile strength than the parent metal. In the welded 
and stress-relieved eylinder No. 1 in Fig. 11, the cir- 
cumferential elongation at the weld was essentially the 
same as in the parent metal whereas in the as-welded 
evlinder, No. 3 in Fig 12, the cireumferential elonga- 
tion at the weld was significantly less than in the 


parent metal. 


Fig. 12 As-welded circumferentially welded cylinder 
(No. 3), tested at 75° F under a circumferential to longi- 
tudinal stress ratio of 2:1. Weld reinforcement removed 
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Since it was assumed that mechanical stress relief cylinder No. 5, failure, caused by transverse cracking é 
occurred during the first pressure cycle in the testing of at a weld defect, was premature. For this reason full 
cylinder No. 3, the question arose as to whether this expansion and rupture did not occur as was the case 
mechanical stress relief had any effect on the mechanical in evlinder No. 3. The over-all appearance of evlinder 
properties of the cylinder when subjected to the second No. 5, after testing, was similar to that of cylinder No.3 
pressure cycle. Cylinder No. 5, a duplicate of cylinder except for the absence of the rupture in the former (see 
No. 3, was therefore tested to failure using only one tig. 12 Failure by rupture, in evlinders Nos. 1 and 

4 pressure cycle. Yielding and failure (as measured by 3 (see Figs. 11 and 12) was initiated in a ductile manner 
: the pressure gage) occurred at approximately the same and occurred in the center of the cylinder Although 
pressures for evlinders Nos 3and 5 higher pressures were applied to the evlinders tested 


Although maximum loading had been obtained in 


Fig. 17 <As-welded circumferen- 
tially welded cylinder (No. 7) tested 
at 40° F under a circumferential 
to longitudinal stress ratio of 3:1. 
Weld reinforcement removed. Note 
brittle type of rupture 


Fig. 13 Cylinder No. 2, same welding and testing condi- 
tions as cylinder No. 1 (hig. 11) except that weld reinforce- 
ment was retained 


Fig. 14 Cylinder No. 4 same welding and testing condi- : 
tions as cylinder No. 3 (Fig. 12) except that weld reinforce- 3 


ment was retained 


Fig. 15 As-welded circumferentially welded cylinder 

(No. 6), tested at 75° F under a circumferential to longi- 

tudinal stress ratio of 3:1. Weld reinforcement removed. 
Note ductile type of rupture 


Fig. 16 Fractured surfaces of cylinder No. 6 (Fig. 15) Fig. 18 Fractured surfaces of cylinder No. 7 (Fig. 17) 
. showing initiation of fracture occurring in a ductile showing initiation of fracture occurring ina brittle manner 
manner in the weld metal at a root defect in the weld metal at a root defect 
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with the weld reinforcement retained, cylinders Nos. 


2 and 4, than to the cylinders with the weld reinforce- 


ment removed, failure did not oceur by rupture (see 
Figs. 13 and 14). Failure of evlinder No. 2 occurred 
by development of a pin hole tear in the central weld, 


whereas evlinder No. 4 developed a small crack in one 


of the eylinder head welds. 


Was of Higher Strength Than the Weld Metal 


The cylinders in which the parent metal was of 
higher strength than the weld metal (weld reinforce- 
ment was removed by machining from all cylinders in 
this group) were tested at room temperature and at 

40° F under restraint conditions and internal pres- 
sures which produced circumferential to longitudinal 
stress ratios of about 3:1 and 2:1 

The results indicate that the weld metal in either the 
as-welded or welded and stress-relieved cylinders had 
little or no influence on the expansion of the cylinders. 

Stress-relieving had no apparent effect on the ductil- 
itv and strength of circumferentially welded eyvlinders 
when tested at a temperatre of —40° F and under a 
circumferential to longitudinal stress ratio of 2:1 (com- 
pare properties of cylinders Nos. 8 and 9 in Table 3). 
Increasing the circumferential to longitudinal stress 
ratio from 2:1 to 3:1 considerably decreased the ductil- 
itv and strength in the as-welded evlinders when tested 


Fig. 19 ts-welded —circumferentially 
welded cylinder (No. 8) tested at —40° F 
under a circumferential to longitudinal 
stress ratio of 2:1. Weld reinforcement 
removed. Note brittle type of rupture 


Properties of Cylinders in Which Parent Metal 


faces of cylinder No. 8 
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Fig. 20 Fractured sur- 


(Fig. 19) showing initi- 

ation of fracture occur- 

ringina brittle manner 
in the weld metal 


ut a temperature of —40° F (compare properties of 
evlinders Nos. 7 and 8). At a temperature of 75° F 
the increase in circumferential to longitudinal stress 
ratio from 2:1 to 3:1 decreased the strength of the 
as-welded cylinder but did not lower its ductility 

All of the evlinders tested at —40° F, with the excep- 
tion of eylinder No. 9, ruptured in a brittle manner 
(see Figs. 15 through 20). The testing of evlinder No. 
% (welded and stress relieved) was not continued to 
rupture due to the fact that a leak had appeared in the 
pumping system after the maximum load had been 
reached. The cylinder tested at room temperature 
(evlinder No. 6) ruptured ina ductile manner Although 
rupture occurred in a brittle manner in those cylinders 
tested at —40° F under a circumferential to longitudinal 
stress ratio of 2:1 the ductility (as measured by circum- 
ferential elongation and reduction thickness) 
prior to rupture was surprisingly high. 

The results of tests at —40° F indicate that the parent 
metal notched bar impact properties are not indicative 
of the ductility of the material in a welded cylinder 
when the cylinder is loaded hydrostatically, producing 
a biaxial stress ratio of 2:1. The ductility of a eylin- 
der welded under restraint and loaded hydrostatically, 
producing a biaxial stress ratio of 3:1, more nearly 
corresponds to the notched-bar transition impact 
properties. 


CONCLUSIONS 


The results obtained during this investigation can 
be summarized in the following conclusions. 
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1. Circumferentially welded mild steel cylinders 
in the as-welded condition have a somewhat higher 
unit stress to rupture with only slightly lower ductility 
(tested at 75 and —40° F under normal restraint) than 
do similar cylinders in the stress-relieved condition. 

2. The decrease in ductility and unit stress to rup- 
ture due to a combination of low temperature (—40° F 
and high longitudinal restraint, of circumfere Lially 
welded cylinders, was significantly greater than the 
decrease due to low temperature with normal restraint 

3. The removal of residual stresses by mechanical 
stress relief (vielding occurring at a pressure below that 
corresponding to the vield strength of the material 
occurred in the weld metal of the as-welded cylinders 
during the first pressure cycle with no deterioration of 
subsequent mechanical properties. 

4. When the weld metal and parent metal were of 
equivalent tensile strength the circumferential band of 
weld metal in the as-welded cylinder restrained the 
eylinder from expanding, under high internal pressure, 
to a greater degree than did the band of weld metal 
in the stress-relieved cylinder. 

5. Removal of the weld reinforcement resulted in a 
decrease in the unit stress to vield and unit stress to 
rupture of the cylinders in both the as-welded and 


stress-relieved evlinders. 


6. In eylinders in which the parent metal was of 
higher tensile strength than the weld metal, the weld 
metal in either the as-welded or stress-relieved cylinders 
had little or no influence on the strength and ductility 
of the evlinder 
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Porosity in Mild Steel Weld 
Metai 


Continued from page 586-8 


troversial subject, not only with respect to porosity but 
also with respect tosuch defects as microfissures, under- 
bead cracking and low-impact values generally attrib- 
uted to hydrogen 

As a proneer of the low-hydrogen electrode in this 
country, I might be expected to advocate its use to the 
exclusion of other types. While it has opened up new 
applications for covered electrodes making possible 
the welding of steels not weldable with conventional 
electrodes, it is my opinion that too much emphasis 
has been placed upon the potential adverse influence 
of hydrogen without due consideration to the appli- 
cation. 

For those applications where hydrogen must be held 
to a low value, it is generally accepted that low-hy- 
drogen electrodes are essential. On the other hand 
there are many uses for which conventional electrodes 
have been eminently satisfactory in the past and will 
continue to be in the future. The present consump- 
tion figures for mild steel and low-alloy electrodes show 
that conventional types outweigh low-hydrogen by 
a substantial margin. These figures will probably 
shift ir 


increasing use of alloy steels. 


favor of the low-hydrogen electrode with 


With further reference to the prevention of porosity, 
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any attempt to generalize on the correct value for such 


are voltage and 


procedure variables as welding current 
travel speed serves more to confuse than to inform the 
Factors 
which delay the onset of solidification frequently con- 


reader confronted with welding problems 


tribute to the deposition of sound welds but undue 
delay may also introduce porosity. or increase is 
magnitude 

Adequate deoxidation, which is an important factor 
influencing soundness, is achieved not only by the 
addition of deoxidizers to an electrode coating, but 
also by pickup of base metal. The extent to which each 
of these sources of deoxidizers influence weld soundness 
is, therefore, a function of the electrode formulation, 
base metal composition and welding procedure. When 
dealing with the chemistry of deoxidation, it must be 
considered in terms of dynamic equilibrium rather than 
of statie equilibrium in which case welding current, are 
voltage, rate of travel and thermal capacity of the work 
become major factors. 

The diverse applications of welding have placed a 
heavy burden on suppliers to provide materials capable 
of meeting the rigid requirements of industry. If a 
fabricator is confronted with a problem involving the 
selection of materials and/or procedure, it would be ad- 
visable for him to first attempt to work out a solution 
with the facilities of his own plant. In the event he is 
unable to find a satisfactory answer to his problem, he 
should then consult his suppliers for guidance to avoid 
costly and time-consuming delays 
(Authors’ Re ply on page 606-8 
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Factors Which Determine the Performance of 
Aluminum Alloy Weldments 


® The Explosion Bulge Test is utilized to establish the factors 
which determine the performance of aluminum alloy weldments 
of the heat-treatable and magnesium solution hardening type 


by WR. Apblett, Jr.. C. R. Felmley. 
and Pellini 


Abstract 


The | xplosion Bulge Test has been utilized to establish the 
factors which determine the performance of aluminum alloy 
weldments. Two types of alloys were investigated: (1) the 
common heat-treatable type allovs (61S and 248) and (2) the 
solid solution hardening type containing Mg as the primary alloy- 
ing element. The deformation characteristics of the various weld 
tnd base metal combinations were determined by means of photo- 
grids applied to the surface of the specimens, Tensile test data of 
the weld joints and parent plate were also obtained in order to 
establish the sygnificance of the deformation characteristics 

It is indicated that the inability of weldments of heat-treatable 
type alloys to develop appreciable deformation is due to strain con 
centration in the low-strength weld and heat-affected zone 
Weldments of the solid solution hardening ty pe alloys are capable 
of developing extensive deformation prior to failure due to a more 
desirable distribution of strain in the weld, heat-affected zone and 
parent plate. This is the result of a closer matching of the 
strengths and ductilities of the various components of the weld- 


ment which is possible by the use of these allovs 


INTRODUCTION 
Hk. use of heat-treatable type aluminum alloys in 
welded structures is desirable because of the high 
strength-to-weight ratios of these alloys. How- 
ever, the low weld joint efficiencies which are ob- 
tained with even the best of present welding practice 
greatly reduce the effective strength-to-weight ratios 
and accordingly the advantage of using these alloys. 
This is true on any basis of design, for yield strength, 
tensile strength and elongation are all greatly reduced. 
The conventional 618-T6 alloy welded with 438 pro- 
vides an example. The base alloy develops a yield 
strength of 42,000 psi while the weld joint develops ap- 
proximately 20,000 psi; thus, for any given safety fac- 


W.R. Apblett, Jr., is Metallurgist and C. R. Felmley is Metallurgist with the 
Metal P «ing Branch, Metallurgy Division, and W. S. Pellini is Head 
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tor, with the design based on the yield strength, it is 
necessary to increase the section size (hence weight) by 
approximately a factor of two. For alloys of higher 
vield strength than the 61S type (248 and 75S) the 
joint efficiency is much lower, in fact, at the present 
no advantage is to be gained by the use of alloys ot 
vield strengths higher than 61S-T6 for welded fabrica- 
tion 

It is well known that design cannot be based entirely 
on vield strengths even though healthy factors of safety 
are used to allow for points of stress concentration 
The role of ductility must be considered also as a safe- 
guard against unexpected or indeterminate stress con- 
ditions which may arise in service. In this respect the 
low duetilities shown by weldments of heat-treatable, 
high-strength aluminum alloys (618, 248, 758) indicate 
that the margin of safety provided by ductility is not 
very great. For service entailing the possible develop- 
ment of extensive deformation, such as may be expected 
for certain types of military equipment, the ductility 
factor is of major importance. Inasmuch as this type 
of service may be considered to represent the limiting 
ease, this investigation was directed at establishing the 
factors which determine the performance of weldments 
for such service by means of the Explosion Bulge Test 
The factors which control performance are considered to 
apply equally to less rigorous service. 

Previous investigations by the Naval Research 
Laboratory's? have indicated that metallurgical limita- 
tions preclude the development of adequate improve- 
ment in the welded joint efficiencies of high-strength 
aluminum alloys of the heat-treatable type, due to the 
low strengths of the cast weld material and of the weld 
heat-affected zone. The present outlook is that near- 
maximum joint efficiencies for fusion welds in these ma- 
terials have been obtained. Tensile joint efficiencies 
in the order of 60-70°% of the base metal tensile prop- 
erties may be developed by the use of welds of higher 
strength such as 75S; however, the ductilities are ex- 
tremely low due to localization of strain in the weld and 
heat-affected zone. 

In Great Britain and Continental Europe, high- 
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Table 1—Chemical Compositions 


strength, solid solution alloys of the aluminum-magne- 
sium (3-5°7) type have been used for welding fabrica- 
tion. These alloys develop tensile strengths as high as 
40,000-45,000 psi in the annealed condition with con- 
comittant ductilities of 25-3007. The relatively limited 
response to heat treatment shown by commercial alloys 
of this tvpe may be a disadvantage for some purposes, 
since these alloys must be formed in the condition in 
which they are used in service. Therefore, if high 
strength of the finished structural parts is desired, it is 
necessary to choose a highly alloved material of difficult 
formability This is not the case w ith the age-harden- 
ing type of alloys which may be worked in the annealed 
or solution treated tempe! and subsequently heat 
treated to give high mechanical properties. The rel- 
ative insensitivity of the \l-Me alloys to heat treat- 
ment serves as an advantage in the case of welding inas- 
much as the thermal effects of welding do not result in 
the development of arheat-affected zone of extremely 


low strength as in the ease of heat-treatable allovs 


MATERIALS AND WELDING PROCEDURES 


The chemical composition of the plate material and 
electrode wires investigated are presented in Table l 
The 618 and 248 plates were produced on normal pro- 
duction schedules; the 5458 and 56S plates were pro- 
duced commercially on an experimental basis The 
5°> Mg (A) and 5°, Mg (B) plates are commercial 
British alloys, produced to the same general specifica- 
tion by different manufacturers. The majority of the 
tests were conducted on plates ol 2 In -thickness al- 
though several tests involved */y-in. plates. The ten- 
sile properties of these materials in the as-received con- 
dition are summarized in Table 2 These values were 
obtained by testing standard ASTM 0.357-in. tensile 
bars cut from the materials with the longitudinal axis 
of the specimen in the direction of rolling These data 
indicate that the tensile strengths of the Al-Mg allovs 
are comparable to the 61S-T6 alloy. The yield 
strengths of the British Al-Mg alloys are considerably 
lower than the values shown by the 61S8-T6 alloy and 
somewhat lower than the values shown by the 548 and 
568 alloys, due to the differences in the amount of cold 
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Table 2—Tensile Properties of the Plate Materials 


Tensile 

{lloy in. Yield strength, strength, Elongation, Reduction 

thicl 0.2°% offset, ps ps % in 2 n area % 
11,600 14,500 12.5 50.5 
24s8-T4 53,200 69, S00 19.0 24.0 
54s-HS4 12,600 12,600 12.5 265 
44.000 19,500 IS 5 
5% 28, S00 3,600 25.0 50.5 
Mei B 28 600 $3 300 23.0 12. 0 


working The exact temper ol the British alloy Ss Ue 
know! . the 548 and 56S are in the half-hard condition, 
The elongations of all of the allovs are of high orders 
however, the values developed by the British \l-Mg 
allovs are superior to the 548 and 56S types 

The 438. 548 and 56S electrode wires were received 
with a chemically cleaned and stabilized surface. The 
5°) Mg wire was a British product and was received in 
the as-drawn condition. It was necessary to chemically 
clean this wire pi ior to welding to produ e sound welds, 

The test weldments were prepared under fully auto- 
matic welding control in order to hold conditions as 
eonstant as possible The we lding procedure outlined 
in Fig. 1 was used for all weldments with the exception 
of the two weldments made with 6 and 6.55, Mg elee- 
trode wire These latter weldments wer? obtained 
from a commercial source and were made manually with 

-in. electrode wire using slightly higher amperage 
but otherwise essentially the same welding technique 
An Esterline-Angus recording voltmeter and ammeter 
were used to record the are conditions during the prep- 
aration of the test weldments. The test plates wer 
prepared by welding two plates, 9 x 18 in. x plate thick 
ness, the weld being perpendicular to the direction of 
rolling in all cases 

After welding the weld reinforcement was removed 
flush with the surface of the base metal All welds 
were radiographed and the presence of porosity, if any 
was recorded for possible correlation with pertormance 
The Mat surface of the explosion bulge test plat ‘Ss Was 
then polished and printed with a 50-line-per-inch pho- 
togrid Details of the application of the photogrid 


were presented in an earlier report 
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Vn Cu Zn Fe 
Plate materials 
61S-T6 10 0.6 0 25 0.15 0 25 0.20 0.70 
248-T4 1.5 0.5 0.10 0.60 $5 0.10 0.50 
548-H34 3.21 0.06 0 20 0.04 0 
568-H34 5.33 0.06 0.10 0.10 0 01 0. 06 
5% Mg (A 5.10 0.14 0 02 0.28 0.02 0.10 t 
5% Mg (B 5.15 0.22 0.40 0.23 0.46 0.044 3 
Electrode wires —. 
138 5.4 0.30 0 10 0.80 
548 3.52 0.10 0 23 0 OS 
56S 5.13 0.09 0.12 0.18 0.002 
5% Mg 5 02 0.12 0 02 0.28 0 002 
6% Meg 6.15 0 07 0.27 0 21 0.14 0.02 
65% Me 6.50 0.10 0 26 0 24 0.17 0.03 Bai. 


1/2" PLATE MATERIALS 


Welding Conditions 


All welding was performed with an automatic inert-gas-shielded 
metal-are welder in the downhand position with a backhand welding 
technique. All electrode wires were ‘/« in. in diameter. 

plate 
Current, amp 245-25 
Voltage 23 
Argon, cu ft/hr SO 
lravel speed, in. /min 10-15 
Wire feed rate, in./min 60-250 

Note 1: 15 in./min. on first and third passes aud 10 in. ‘min. with weave 
on second and fourth passes 

te 2: 12 in./min, on first, second and fourth passes and § in. min. with 


‘in. plate 


strength of the heat-affected zone since failure oc- 
curs in this zone regardless of the electrode wire em- 
ployed. The yield strengths and elongations of these 
weldments vary somewhat, depending on the relative 
flow strengths of the HAZ and weld metal. The 
248S-T4 weldments have relatively high-tensile 
strengths accompanied by extremely low elongation 
values. The tensile strengths and elongation values of 
the Al-Mg (5°) alloys are considerably higher than the 
61S-T6 weldments. 

The property most commonly referred to for engi- 
neering design of structures is the vield strength; for alu- 
minum alloys this is determined by the 0.2% offset 
method. For materials which strain uniformly such a 
figure has considerable engineering significance; how- 
ever, in the case of aluminum alloy weld joints, partic- 
ularly the heat-treatable type, the value is decep- 
tive in that the strain occurs in very narrow regions 
(the overaged zones) of the over-all gage length. Ac- 
cordingly, the numerical values are dependent on the 
gage length used in computing the 0.2°% offset. For 
an 8-in. gage length the numerical value of the yield 
strength will be consideral!y higher than that obtained 
by using a 2-in. gage length due to the fact that the 
flow strength curve of the small volume of material 


weave on third and fifth passes 
Fig. 1 Butt joint design 


TENSION TESTS C7 MELD STRENGTH 


C=) TENSILE STRENGTH 
As part of the problem of determ- [3 Evowcarion 
ining the engineering significance of 
the various performance character 
istics shown by the bulge tests, in 
formation is required concerning the 
conventional tensile properties of the 
weldments. The tensile test data 
presented in Table 3 and Fig. 2 were 
obtained using standard ASTM 
specimens of full plate thickness 
in.) having a 1'/s-in. wide re- 


ELONGATION % 


duced section and an 8-in. gage 
length. The center-line of the weld 
was located at the midpoint of 
the gage length and _ transverse ELECTRODE 
to the direction of loading. The 
strengths of the 61S-T6 
alloy weldments are fixed by the 


BASE PLATE 6IS-T6 245-14 S6S-H34 (A) 
Fig. 2. Comparison of tensile properties of welded 618-T6, 248-14, 548-1134, 
56S-H34 and 59% Mz alloys 


tensile 


Table 3—Tensile Data for Composite Weld Specimens 


Yield strength, Tensile strength 

pst, 0.2% offset 8 in pst % 2 in. 
19,300 29, 800* 
22,000 30, 000* 
22,200 30, 000* 


Elongation 


Base metal, Yield strength, 

in. thick Weld pst, O.2% offset 2 in 
6IS-T6 138 5, 600 
61S-T6 DAS , 800 
61S-T6 568 18, 100 
248-T4 838 19,800 27,300 31, 800F 
248-T4 56s 20,700 28,300 36, 200F 
548-H34 16,800 18,900 32, 
56S8-H34 568 18,200 19,800 411 ,000T 
5% Me (A 5% Me 18,300 18,500 39, 8007 


Nore: All data are the average of three specimens. 
* Heat-affected zone failure 
t Weld metal failure 
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Fig. 3 Strain plots for 0.2% offset 
yield strength 


that is actually straining determines the flow strength 
of the weldment. In terms of unit strain this means 
that the narrow region undergoing extension must 
strain more (hence support a larger load) before reach- 


ing the 0.2°7, value of the longer gage length Figure 3 
presents strain plots obtained from the photogrid ap- 
plied to a tensile specimen of 618-16 welded with 435 
electrode wire. The 0.2; offset vield strength for a 2- 
in. gage length is 15,300 psi and represents unit strains 
ot approximately 15°; in the overaged Zone The 
().2°, offset vield strength for an 8-in. gage length is 


19,300 psi and represents strains of nearly 5°@ in the 
overaged zone and approximately 1° in the weld 
These data indicate that design based on \ ield points 
determined by the usual tensile tests of weld joints may 
be in considerable error. In many cases such design 
will be based not on loads which result in an assumed 
0.2%, elongation of the eritical position but on loads 
which are actually developing 5°; or more of deforma- 
tion in the “weak link” region. The importance of the 
ductility aspects of weld joint properties accordingly is 
necentuated. The relative differences between the 
2- and 8-in. gage length properties shown in Fig. 3 re- 
flect the relative tendencies for strain localizations in 
narrow “weak link” regions Accordingly, the slight 
differences in yield strength due to gage length shown 
by the 5°G Mg (A) weldments indicate that general de- 


formation has occurred over the entire gage length 


EXPLOSION BULGE TESTS 

The Explosion Bulge Test*® developed by the Naval 
Research Laboratory provides a convenient means of 
investigating the performance of weldments in thick 
aluminum plate. Basically, the Explosion Bulge Test 
method represents a procedure of testing rather than a 
“test.” The method is designed for the investigation 
of structural performance on a model scale. The model 
structure is represented by a full thickness plate or 
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hig. 4 Schematic representation of the Bulge Test 


weldment which is loaded by the application of gas 
pressure supplied by the detonation of an explosive, 
while supported by a die having a chamfered circular 
opening. The gas pressure clamps the plate to the die 
support and produces controlled bulge deformation 
over the unsupported area. Bulging over a circular die 
results in balanced biaxial tension stresses in the test 
material; Fig. 4 illustrates the equipment and method 

The « xplosive is used in a manner such that the effect 
of the energy delivered by the explosive rather than the 
explosive charge weight serves as the eriterion of per- 
formance. The eriterion of performance used in this 
investigation was the amount of deformation developed 
ear the weld 


in the plate material 1 The explosive 
charge is placed at a distance such that a small bulge in- 
erement is developed on each of several shots. ‘The 
standard charge used is 4 lbs. of pentolite precast to a 
wafer shape as shown in Fig. 4. This charge permits 
development of bulges in small increments for a variety 
Weldments of mild steel of 
l-in. plate thickness may be tested by using an offset 
distance of 15-24-in. 


of test materials ;- and 
Aluminum weldments of */, 
and 1-in. thickness require an offset distance of 36-in 
which is approximately the limiting distance which may 
be used conveniently. Aluminum weldments of !/-in 
thick plate require a 2-lb charge used at offset distances 
of 24-36 in 

Inasmuch as the development of a failure results in 
the immediate termination of straining in the direction 
perpendicular to failure, it is possible to determine the 
exact level of strain reached at the time of failure by 
measurement along the weld perpendicular direction. 
This technique requires the use of small increments of 
bulge deformation since this prevents extensive tearing 
of the bulge which would result from a single, high 
energy blow. This method relegates the use of the ex- 
plosive to the simple function of providing the energy 
Accord- 


ingly, the specifie explosive weight and offsets which 


required to evolve the bulge in small steps 
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fig. Typical grid application 
are used in the various tests are of no significance to the 
bulge test data which are presented. 

Strains were determined by measuring the distortion 
of the 50-line-to-the-inch grid applied to the test plate. 
An enlarged photograph of this grid is shown in Fig. 5. 
Che inherent error in the spacing of the grid lines is ap- 
proximately 0.00005 in. The use of a microscope 
mounted on a micrometer slide as a means of measuring 
the distortion of the grid permits measurement of 
strains as low as 1° 

Figure 6 presents strain data illustrating the incre- 
These data 


illustrate an important mechanical feature of the bulge 


ment bulging of a 5°, Mg prime plate. 
test. It is observed that the strain level of a region ap- 
proximately 3 in. in diameter is nearly uniform to ap- 
proximately 14°) strain. This represents the limit 
of uniform biaxial tension, for this material, necking 
follows as indicated by the peak strain at the center of 
the bulge. The development of the neck-down region 
as expected for any tensile test. The 3-in. diam re- 
gion of uniform extension represents a portion of the 
bulge of sufficient size to eliminate steep radial strain 
gradients in the region to be occupied by the weld, the 
heat-affected zone and a portion of the prime plate. 
Thus, all three regions are tested under conditions of 
equal load mechanics. If the bulge were made some- 
What smaller than the 15-in. diam bulge employed, the 
3-in. diam region would shrink in proportion, preventing 
equal biaxial loading of the three test regions of interest 
The bulge size was not arrived at arbitrarily but was 
based on meeting these desired condit) ns. It may be 
concluded that the method of testing does not diserimi- 
nate against the weld zone This is important tor any 
fundamental study of the plastic interactions of weld, 
HAZ and prime plate required for an analysis of the 
factors which determine performance 

The bulge data which are to be presented represent 
the average of at least two and generally three test 
plates for each base metal-weld metal combination, ex- 


cept for the weldments which were supplied commer- 
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Fig. 6 Strain data illustrating the increment bulging of 
a 39% Mg prime plate 


cially in which case only one weldment was tested. Re- 
producibility in the several weldments tested for each 
base metal-weld metal combination was good; the 
maximum deviation from the average strain level plot- 
ted was approximately 10°; of the unit strain value 


Performance of Prime Plates 


Figure 7 illustrates the extreme deformation which 
may be obtained without failure in the case of the prime 
plates. The strain distributions obtained from the 
photogrid have been superimposed on the photographs 
of the various bulges. These materials were not forced 
to ultimate failure since this information was not of 
The level 


of deformation was varied to illustrate variations in 


particular consequence to the investigation. 


strain distribution in relation to the bulge geometry 
The 248-T, 548 and 568 still indicate uniform strain in 
the pole region while the 61S-T and 5°] Mg (A 
necking, the necking being considerable in the case of 
Mg (A). It may be observed that with the 
development of necking the true spherical shape is lost 


show 
the 5°; 
and a secondary bulge develops in the pole region. 


Performance of 618-T6 Weldments 


The most commonly used material for high-strength 
structural applications involving welding is the 61S-T6 
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Fig.7 Prime plate bulges 


aluminum alloy; the electrode normally specified for 
welding this material is 43S. Inasmuch as the weld de- 
posit is of lower strength and ductility than the plate 
material this combination fails in the weld at a very 
low level of deformation, as illustrated in Fig. 8. The 
use of 548 electrode results in essentially the same per- 
formance A moderate improvement in performance 
is possible by the use of 5¢;, Mg and 56S electrode wires 
which have higher strength and serve to transfer a por- 
tion of the weld strain*to the more ductile HAZ and 
base plate (56S only) as illustrated in Fig. 9. However. 
the improvement in performance is relatively moderate 
because of the continued high concentration of strain to 


a narrow region 


Performance of 618-O and 2S Weldments 


If the 618-T6 base metal is heat treated to lower its 
strength in relation to that of the deposited weld metal 
i.e., fully annealed 61S plate material welded with 43S 
electrode wire, an entirely different type of performance 


is noted, as shown in the upper bulge of Fig. 10.* The 


lower bulge* illustrates similar performance of 28 base 


material welded with 438 Lists 
much as the strength level of the 
weld in these two cases greatly 


f the plate 


exceeds the strength « 
the level of strain in the weld is 
now quite low in relation to the 
strain in the base material and the 
weldment can undergo consider- 
able deformation prior to failure 
These weldments are not suited 
for high-strength structural appli 
cations due to the low strength of 
the plate material However, the 
comparison clearly illustrates that 
the principal element which dete: 
mines the poor performance of 435 
filler in 61S-T6 is the strain con 


centration tactor 


Performance of 24S-T4 


Weldments 


Figure 11. illustrates the ex- 
tremely poor performance exhib- 
ited by weldments in 248-14 
base material. This is the result 
of the extreme concentration of 
strain to the low-strength welds, 
The absence of strain in the heat- 
lected zone indicates that the 
vield strength of this region is 
greater than the ultimate strength 
of the deposited weld metal 


Performance of Al-Mg Weldments 


\t the onset of this investigation the British alloys 
containing approximately 5°Q Mg were the only plate 
materials of this type ¢ mmercially available ha Ing 


tensile strength properties similar to those of the 61S-T6 


alloy. Figure 12 illustrates the excellent performance 
of 5°) Mg (A) material when welded with 3.5°7 Mg 
(548) wire and with 5°7 Mg (British) wire The 3.5% 


Mg weld has lower flow strength than the 5°; Mg (A) 
plate as indicated by the severe strain conc hntration in 
the weld which leads to ultimate failure. The excellent 
duc tility ol the weld deposit, however, prevents failure 
until the plate has been forced to develop extensive ce 
formation. The weldment featuring the 5°; Mg filler 
performs in essentially the same fashion except that the 
level of deformation developed in the weld is consider- 
ably lower as expected from the higher strength devel- 
loped by the 5° Mg composition. The strain plots 
also indicate that there is a strain deconcentratior just 
at the fusion line indicating higher flow strength for this 
region 

In an attempt to improve the performance by de 
creasing the strain concentration deve loy ed in the weld 


several weldments were tested which were prepared 
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Figure 8 
from more highly alloyed electrode wires. These weld- 
ments were oF tained from a commercial source and the 
base alloy used was produced by a different: manu- 
facturer to the same British specification. This alloy 
has been designated 5°, Mg (B) in the table of chemical 
analysis. When these weldments were tested the 
higher strength of the cast weld resulted in a strain de- 
concentration in the weld and a severe localization of 
strain in the narrow annealed region adjacent to the 
weld, as illustrated in Fig. 13. Failure was thus forced 
into this annealed region and a general decrease in per- 
formance was noted. It had been expected that the 
use of an overmatching weld would result in improved 
performance of the weldments since no severe strain 
concentrations were noted in the annealed regions of 
the 5°) Mg (A) weldments prepared with 3.5 and 5% 
Mg wire. It was apparent that the decrease in per- 
formance Was associated with a radically different re- 
sponse of the two base materials (A and B) to the an- 
nealing cycle of the weld. This fact was substantiated 
by testing 0.357-in. tensile bars which had been an- 
nealed for ' >. hr at 1000° F. 
crease in tensile strength properties on annealing was 


As suspected, the de- 
considerably greater for the “B” alloy. The following 
table summarized the effect of the annealing treatment 


on the tensile properties. 
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Figure9 


Table 4 
5% Meg (A) 5% Meg (B) 
As-received Annealed As-received Annealed 
Yield strength, psi 28,800 14,600 28 600 14,400 
Tensile strength, 
psi 413,600 10,300 13,300 
Elongation, % in 
2 in. 23 27 23 28 


33, 200 


It should be noted that the large decrease in the ten- 
sile strength of the 5°, Mg (B) alloy is not due entirely 
to elimination of cold work since aging this alloy after 
annealing for 1 hr at 250° F inereases the tensile 
strength to 40,000 psi; the 5°) Mg (A) annealed alloy 
did not respond to aging treatments. The 5°, Mg (B) 
alloy therefore is not representative of the strictly non- 
aging type of Al-Mg alloys. The difference in response 
to aging treatments may be ascribed principally to the 
higher copper content (0.23°7 as compared to 0.027) 
of the B alloy. 

It has been stated previously that the 548 and 568 
alloys in plate form are being produced on an experi- 
mental basis in this country. These alloys are com- 
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parable to the British Al-Mg type and therefore their 
performance is similar as shown in Fig. 14. The re- 
sponse of these alloys to the aforementioned annealing 
treatment (12 hr at 1000° F) is summarized in the fol- 


low ing table: 


48 aS 
{s-received Annealed 1s-received Annealed 
Yield strength, psi 32.600 12,700 34,000 15,700 
Tensile strength 
psi 12,600 34,600 19,500 44,000 
Elongation, % in 2 
in 12.5 28 IS.5 20 


Since these materials were supplied in the H-34 
temper (half-hard), the strength of the as-deposited 
548 and 56S wire is lower than the base metal, and ac- 
cordingly strain localization oecurs in the weld leading 
to a weld failure. The annealed zone adjacent to the 
weld also develops a severe localization of strain, but 


failure does not occur at this position; this, it is felt, is 
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due to the higher ductility of the rolled material. The 
better than that of the 548-548 weldment as indicated 
by a higher level of strain in the base plate 

In the foregoing sections of this report it was reported 
that solid solution-hardening alloys are not prone to de- 
velop a softened heat-affected zone of the type common 
to the age-hardening alloys. However, it is common 
practice to produce the solid-solution hardening mie 
terials in a work-hardened condition, frequently about 
the half-hard temper. Accordingly, when these ma- 
terials are welded, the heat of the welding operation 
produces an annealed zone adjacent to the weld which 
is comparable in kind, although not in degree, to the 
overaged-zone of the heat-treatable alloys; this zone, 
therefore, develops marked strain concentrations. Al- 
loy adjustments, aimed at developing moderate in- 
creases in tensile properties by age hardening, accen- 
tuate the annealed zone problem of the cold-worked 
alloys 


Effect of Weld Porosity on Performance 


Inert-gas-shielded metal-are welds may contain 
scattered porosity A study of this porosity® indicates 
that it is mainly due to hydrogen, with the electrode 


wire being the main contributor of the gas. Such 


leaned 


porosity is eliminated by the use of suital 
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wire and by proper welding procedures. Most of the 
weldments which were prepared were found to be com- 
pletely free of porosity; the various tests which have 
been reported thus far represent completely sound 
welds. The weldments which were found to contain 
small traces of porosity were supplemented by addi- 
tional weldments which were made to contain porosity, 
and these were tected separately. The presence of 
isolated spots of porosity did not result in any consistent 
trend of deereased performance. Occasionally the per- 
formance would be seriously impaired and at other 
times only very minor changes would be observed for 
what appeared to be porosity of the same order of mag- 
nitude. Representative weldments are shown in Fig. 
15; the amount and distribution of the porosity are 
shown in the X-rays included in the figure. Except for 
the particulararea indicated the welds were free of poros- 
itv. It was also observed that significantly premature 
weld failure caused by localization of porosity occurs 
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only in welds that have flow strengths lower than the 
base material. If the weld is of considerably higher 
flow strength than the base metal the effect of porosity 
is negligible. For example, a porosity count on a 435 
deposit of a 28 weldment which performed as well as 
the 28 weldment shown in Fig. 10 showed a porosity 
count of 15 spots per inch having a size of ' jy» in. in 
diameter. 


"Relative Performance of the Weldments 


The foregoing discussions have been concerned with 
details of factors which determine the performance of 
aluminum alloy weldments. The performance level 
was based on a criterion of bulge deformation; i.e., the 
extent of general deformation developed prior to failure. 
The extent of deformation developed in the prime plate 
outside of the influence of the weld serves as a con- 
venient performance parameter inasmuch as the bulge 
size is primarily a function of the deformation developed 
by the element which comprises the major portion of the 
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test area It was demonstrated that nonductile be- 
havior (fracture without bulging) was related to the in- 
ability of the weld joint to transfer or “‘shed”’ strain to 
the parent metal and also, that the various degrees of 
ductile behavior fracture after the development ol 
various degrees ol bulge were related to the degree ol 
cooperative straining of the weld, HAZ and base metal 
Accordingly, the level of strain developed bv the plate 
at a fixed position in the “pole” region of the bulge may 
be taken as a convenient parameter of the relative per- 
formance of the various weldments 

Table 6 summarizes the level of strain developed at a 


position in the plate 1!) in. from the centerline ot the 


weld. 


Table 6 


61-43, 0% 54-54, 5 5 Mg-3.5 Mg, 11% 
61-54, 0% 24-56, % 56-56, 9.5% 5 Mg-5 Mg, 12% 
61-56, 2.2% 5 Mg-6 Mg, 7% 


2.2% 
61-5% Mg,0% 5 Mg-6.5 Mg, 7% 


It is noted that the weldments of heat-treatable al- 
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Effect of localized porosity on performance 


loys (618 and 248) do not develop measurable deformae 
tion in the plate, except in the case of 61-56 combinae 
tion. The performance of the Al-Mg alloy weldments 
is distinetly superior in this respect rhe highest level 
ot performance 1s demonstrated by the 5¢ ( My allovs ot 


the nonaging tvpe 


Summary Discussion and Conclusions 


The results of this investigation indicate that the 
performance of aluminum alloy weldments is deter- 
mined by the relative flow strengths and terminal ductil- 
ities of the weld and heat-affected zones as compared to 
the base pl: te The poor performance ol the 
strength allovs of the precipitation-harden 


inherent to the localization of strain in eith 


or the HAZ resulting from the low flow st: 


duetilitv of these zones Increasing the 
forcement or using lap-plate reinforcement 
expected to prov ide a solution inasmuch 
strength, overaged HAZ remains to pro ile i detri- 
mental strain coneentration. The highly localized 
strain which is developed in either the weld or HAZ, de- 
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pending on the materials and the structural geometry 
of the weldment, effectively reduces the energy absorp- 
tion prior to failure to relatively low values. Accord- 
ingly, it is necessary to rely on design which ensures 
that the vield point of the weakened zone in the weld- 
ment is not exceeded, since the margin of safety pro- 
vided by the plastic wielding of highly localized regions 
is relatively small. Actually, the present design limits 
based on 0.2°% yield strength probably do not ensure 
that the yield point of the critical zone is not exceeded. 
It has been demonstrated for the case of the 61S-T6-43S 
weldment that the 0.2% yield strength (20,000 psi) 
determined on an 8-in. gage length actually represents 
a strain of approximately 5% in the heat-affected zone 
and 1°% in the weld, and that at a stress of 75°) of the 
yield strength value (15,000 psi) the level of strain in 
the HAZ is approximately 1.5°%. It is probable 
this case that signifieant strain is developed at stress 
levels which approach 50° of the yield strength of the 
weldment as determined by conventional procedures. 
Thus, plastic flow is likely in the weldment at stress 
levels which are only 25% of the vield strength of the 
base plate (40,000 psi). 

The use of solid solution type alloys appears to be 
promising. While these alloys are characterized by 
lower tensile and yield strength properties than the age- 
hardening type, it appears feasible to use weld metals 
which match the plate properties and accordingly ap- 
proach 100% joint efficiency. From a standpoint of 
yield strength properties such weldments essentially 
match the conventional 61S8-T-438 combination. It 
may be deduced from this fact that no advantage is 
offered in so far as design based on yield strength is con- 


cerned; however, such a conclusion neglects the high 


ability to absorb energy without failure which 1s in- 
herent to the solid solution type. In effect this means 
that a large reserve of ductility is available to ensure 
the safety of the structure, as indicated by the extensive 
deformation which these alloys may endure prior to 
fracture. Such a reserve is not available to the 61S-T- 
435 type as indicated by the failure to develop bulge 
deformation. An improvement in the 61S-T type in 
this respect is indicated by the use of 565 filler metal; 
however, the level of performance remains distinctly 
inferior to the Al-Mg type. 

It is demonstrated that cold working or partial age 
hardening of the Al-Mg alloys to increase the tensile 
properties is a distinct detriment to the performance of 
the weldments. The additional strength is obtained at 
the expense of reintroducing the difficulties associated 
with the heat-treatable alloys and prevents the use ol 
filler metal of optimum strength. For the utmost per- 
formance, particularly in case of service which requires 
that the weldment develop extensive deformation prior 
to failure, it is essential that Al-Mg alloys be specified 
to have a minimum of cold work and aging effects. 
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by Robert L. Ketter, Lynn 
S. Beedle and B. GC. 
Johnston 


Abstract 


Presented in this paper are the results 
of an analytical and experimental study to 
determine the strength of columns sub- 
jected to various combinations of axial 
load and end bending moment and to de- 
termine the behavior of such columns in 
the elastic and inelastic ranges. In this 
report emphasis has been given to vielding 
as the criterion of strength: however, a 
collapse solution 
plastic 


based on the simple 
ilso included together 
with an approximate buckling solution 
based on the work by Jezek In the ex- 
perimental phase of the investigation tests 


theory is 


were made on as-delivered rolled structural 


sections 


I. INTRODUCTION 


N 1945, the Welding Research Council 
through its Structural Steel Committee 
resumed its project at Lehigh Uni- 
versity, directing that emphasis be given 


to fully continuous welded 
struction As T.R 


has stated It was realized that 


frame con 
Higgins of the AIS¢ 
little 
progress could be made in studying the 
effect of welds upon the strength of con- 


timuous frames until more was known 


about the effects of ether variables pres 


ent in these frames which might be of a 


Robert L. Ketter is Research Instructor and Lynn 
S. Beedle is Assistant to th ‘ t the Fritz 


Advisors Iustitute of Research, Lehigt I ni 
versity, Office of Naval Research (Contract No 
30303), Bureau of Ships and the Bureau of Yards 


and Docks 
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Progress Report No. 6 on Welded Continuous Frames and 


blanket 


disturb, any 


magnitude to completely, or 


considerably effect due to 


welding Thus, each component part 
of continuous frames is being studied to 


This 


a series describing 


determine its behavior under load 
paper is the sixth in 
such studies and is concerned with the 
strength of steel columns of the type found 
in tier buildings and industrial construe- 
tion 

In 1946, the 


Steel Construction commenced sponsor- 


Institute o 


American 


ship of the current investigation of 


loaded 


force and end 


columns with combined axial 
moment. The purposes 
were twofold: (a) to determine the plastic 
behavior of steel WF columns of the type 
used in building frames with continuous 
carry- 


connections, and (6) to determin 


over and stiffness factors This program 


is now part of the larger investigation 


mentioned earlier to which the American 
Institute of Steel Construction now gives 
its support. * 

Although the eventual objective is to 
develop practical design methods based 
on elastic and inelastic action, the first 


phase is to determine the elastic and plas- 


tic behavior of columns as infiuenced 


by variables such as condition of end mo- 
ment loading, slenderness ratio, the ratio 
of axial load to the critical axial load, 
and size 

More specific illy, for the 


ind shape of cross section 
present pro- 
gram, the objective is to determine the 
influence on column strength of each basic 
form of loading and to relate it to existing 
specifications such as the AISC interac- 
tion formula, thereby indi iting the true 
load factor implied in present design 
practice 

In order that the results of this investiga- 
oordinated with 


tion be more closely 


findings at other institutions studying 


* See footnote, this page 
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Column Strength 


‘Olumn Strength Under Combined Bending 


® dn analytical and experimental study of the strength of rolled structural 
shapes subjected to various combinations of axial load and end bending moment 


the behavior of compression members, 
the Column Research 
Engineering Foundation participates as 


sponsor In an advisory capacity sinée 


one of the objectives of that organiz 


tion 


is to guide column research and to study 


of compression members.t For example, 


the application of the results to the 


it Brown Universit, project. is under 
way at this time to study specifically the 


AISC Interaction Formula 


f 
An unpublished report has been prepared,## 


In a 


tus 
part of the 
lescribed. Tt 
owed 
the 
gle curvature 
in tler-type frames would require that the 


previous 
used in the expe 


Investigator wis 


Le high 


also included an analysis which 


that the development of 


ends of columns bent in sir 


vdjoining beams carry greater than simple 
beam bending moments at mid-span, 
Since current i ms for vil 
engineering structures re in general 
based on initial vielding, emphasis has 
heen given here tothis criterion of strengtl 


It is the purpose of 


equations tor determining the initial 


vield strength of 


various loading conditio 
theory with the results of tests of full 
size structural olumns. Equations 


for determining the ultimate or coll 


strength of columns under certain cond 
tions of loading are resented according 
to the simple plastic theor Phe co 
responding collapse strengtns ol 
columns tested are also indicated 
ti 
f the ¢ 
j 
( 
if i 
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Fig. | Conditions of loading studied 
in the Lehigh Column Investigation 
il. THE 


INTERACTION CURVE 


CONCEPT 
The various loadimg conditions will 
be referred to by the ase of letter designa- 
tions to describe the different combina- 
tions of axial thrust and end bending 
These 


shown in Fig. | 


moment loading conditions are 
Thev are special cuses 


of the general loading shown in Fig. 2. 


Mg “~~ 


8 


Figure 2 


The strength of «a column is a funetion 
of many variables and this is true to a 
greater extent than ‘or common flexural 
members One means of expressing the 
strength of a column subjected to a com- 
bination of axial load and end bending 


moment is by the use of a relationship 


which has been called an interaction curve. 


Two-Dimensional Interaction Curve 


Consider a member under axial load 


Fig. 3 Initial yield 

plastic th vy" collapse interaction 

curves (neglecting the influence of 
slenderness ratio) 


€ 


Fig. Idealized stress-strain relation 


alone (Wo = 0 If axial load is plotted 
vertically Fig. 3a is obtained. Assuming 
the idealized stress-strain relation of Fig. 4 
col apse occurs at the critical load P,, 
and, depending on the slenderness ratio 
of the member, this load is either the yield 
load Py (yield-point stress multiplied by 
the cross-sectional area) or the Euler 
buekling load, P, 

Consider next the member under bend- 
If the bend- 
ing moment, M, is plotted horizontally, 
Fig. 3(b) is obtained. When WV = M, = 
oy8, the theoretical initial vield momen 


ing moment alone (P = 0 


of the member will be reached. 
The following terminology is used: 


I, = moment at which vield point 
reached in flexure 
a, = lower vield point stress, 
S = section modulus 


According to the simple plastic theory 
an increase in the applied moment be- 
yond M, may be sustained until = 
= o,Z, where 
= full plastic moment 
cs plastic modulus, the statie mo- 
ment of the entire cross section 
about the neutral axis 


If Figs. 3a and 34 are combined, specify- 
ing axial load as the ordinate and moment 
as the abscissa, there results a curve (of 
which Fig. 3c is an example) whereby the 
relative magnitude of bending moment 
and axial load may be indicated for various 
conditions: e.g., initial yield and collapse 
In this paper these curves will be referred 
to as interaction curves. 

In the next section of this report, equa- 
tions are presented for determining the 
initial vield and relationship 
between the limiting conditions of zero 


collapse 


moment and zero axial load as a function 
of a number of variables and properties 
of the section under consideratiin. The 
curves shown in Fig. 3c are ty pical of the 


limiting case, L/r = 0, for which Pe, =. 


P, 

Thus far in the experimental program, 
columns have been bent about the strong 
axis. However, the theories discussed 
in this paper do not take into aecount 
lateral buckling in the 
Thus, for the usual rolled shxpes, these 


inelastic range 


theories are applicable to columns bent 
about the weak axis. Those which are 
bent above their strong axis tend to buckle 
in combined bending and twist. This is a 
serrous theory. The 


development of inelastic lateral buckling 


limitation in the 


(combined bending and torsion) curves 
te predict behavior under thes» same oad- 
ing conditions is considered essential 
Several Column Research Council groups 
are working on related problems. 

In present-day engineering practice 
use of the interaction concept is illus- 


trated by the AISC formula 


where 
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fa = axial unit stress (actual) = axial 
load divided by area of member. 
= bending unit stress (actual) = 
bending moment divided by 
section modulus of member 
axial unit stress that would be 
permitted by this Specification 
if axial stress only existed. 

F,, = bending unit stress that would be 
permitted by this Specification 
if bending stress only existed 

It is considered that bending moment 
and axial load are caused by independent 
conditions. Two other column formulas 
also might be considered as equations 
for interaction curves (AASHO,'* eq 2 and 
AREA® eq 3) 


came 


(2 
where 


vield point stress in tension 
factor of safety based on vield 
point. 
distance from neutral axis to the 
extreme fiber in compression 
radius of gyration in the plane of 
bending 
nj radians. 
effective length of the member 
modulus of elasticity of stee! 


2a cos @4 + 


When 


and e, lie on the 


same side of the column axis, @ 
is positive; when on opposite 
sides, @ is negative; iLe., when 
Ts 

+e, 

= eccentricity of applied load at the 
end of column having the 
greater computed moment, in 

eccentricity at opposite end 
f 


O.875L 
0.25 ) see 8751 


2r, 


f 
p C22 


(2 
NE“ 


where 


p = allowable average compressive unit 

stress 

= least radius of gvration of the 
member. 

= radius of gvration of the member 
in a direction at right angles 
with that of r). 

e, = known eccentricity of the applied 

load in the direction of in. 

= known eccentricity of the applied 
load in the direction of re, in. 

= distance from neutral axis to ex- 
treme fiber in the direction of r,, 
in. 

= distance from neutral axis to ex- 
treme fiber in the direction of 
in. 

= length of the member, in. 

= modulus of elasticity. 

= vield point in tension. 

= factor of safety based on vield 
point. 


These equations will be discussed later in 
further detail. * 


* Design formulas have been discussed in a 
paper by one of the authors"! with particular 
emphasis on eecentrically loaded columns and the 
factor of safety 
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Nondimensional interaction curves art 
of value since they are independent of 
particular magnitudes of stress, load o1 
moment. Such curves and their develop- 
ment have been disc ussed bv Shanle and 
others. One such type of curve, that 
in which the coordinate axes have been 
chosen as P/Py and M/M,, respectively, 
will be used later in this report in the 
presentation of test results. 


Three-Dimensional Interaction Curve 


The interaction curve previously dis- 
cussed may be expanded to include an- 


other important variable, that length 
see Fig 5 If a z-coordinate axis is 
added upon which are plotted functions 
ot length L/r is the abs Issa in the le ngth- 
ixial load plane and Ld /bt is the abscissa 
in the Tength-moment plane), then for 
any one rolled shape under a particular 
loading condition, the surface in space 
deseribes the carrying capacity of the 
column. Since the Ld/bt formula of the 
AISC is for pure bending, neglecting the 
effect of flange bending and based on an 
idealized H-section that neglects the web, 
it is not completely justifiable to make the 
comparison indicated. However, it serves 
to illustrate the concept 

The space suriace intersect the three 
coordinate planes in the curves shown in 
Fig. 5. The P vs. L/r curve is the famil- 
iar column curve. The WV vs. Ld bt 
curve is the relationship for lateral buck- 
ling of beams. Finally the P-M curve 
is the two-dimensional relationship that 
has been discussed above Correspond- 
ing curves have been plotted for the ATS¢ 
formula. 


Other Influencing Factors 


In addition to lateral buckling, son 


the 


sidered in this paper are: 


val 


curve of Fig 
though smal! coupon test results approxi- 


mate 


tion 


ib 


proach 


ross-sect 


tive 


ot 


results but 


Stress-Strain P operties and Resid- 
The 


4 has been assumed 


this 


rolled section. 
relative magnitude of 


In 


ws been 


moment 


it h 


values 


(ro 


i 


i whok 


her factors 


assumed condition, 


stress-strain relationship 


to the residual stresses present 


not been reached 


Sectiona 


problems 


sh ape 


stresses exceed 
this connection 
sent tentative 
could be further 
comnir ial] 
Nidesu 


tion 


column 


the 


simulate this tvpe of loading 


d 


quence 
moment ar 
influence 
to tl 


quence of loading to determin 


Seq 


several columns reversing tl 


ot consideres 
However, 


experimental setup can 


wence Oo 
which the 
e applied may 


on test 


of this variable 


which have 


predicted 


Sleich® diset 


ivailable 


Fig. Three-dimensional interaction curve 
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é Initial Curvature For some load 
ing conditions (most important for con 
tion initial curvatul would have 
pronounced effect on the str ngth of the 
member. Thus far in the experimental 
program, this variable has been ol negli 
gible magnitude 


Ill. DERIVATION OF 
INTERACTION CURVE EQUATIONS 


In this section ¢ re presented 
for (a) initial vield interaction curves 
(b) a collapse solution based on the simple 
plastic theory and in application of 


the Jezek approximate solution for the 


stability problem 


Initial Yield Interaction Curves 


Equations for predicting the initial 
vield load for each of the wading condi 
tions shown in Fig. 1 have been presented 


in detailed form in an unpublished | 


Except tor condition column 
it the base solutions for the conditions 
may also be determine 


University Bulletin 


graphs, substituting the 


mula, In Prog 


formula is derived for each load conditio 
which enables one to compute the Oo 
ordinates for the interaction curve Based 


on the work of D. H. Young, Timoshenko 


Reference 19) has presented curves for 
predicting the vield strength of eccentri- 


cally loaded columns. By converting the 
eccentricity ratio into terms of P, W and 
the core radius, s, these curves are Iso 
useful for load conditions ‘‘a ce,” and 
d”’ of Fig. 1 

This section will present the line of 
reasoning in the development ol! these 
equations with a table summarizing the 
Important ones tor eac h loading condition 
However, the derivation of equations for 
initial vielding under loading conditior 
b’’ will be shown here. It is assumed 
that V4 > My 

The moment applied at the end of the 
member has been chosen as the inter 
ction curve abscissa The interaction 
urve for coupled values of P and M, 
it initial yield will not always be linear 
since the maximum moment will not neces- 
r. 


sarily be at the end of the membe« 
(As a starting point, consider a very 

short member for which L/r epproaches 

zero. Yielding will occur when 

P Muss 

A S 


Since the length, L, is assumed to be 
very small, the moment at the end, VM, 
will equal _ Therefore 


A linear relationship exists between P 
and Mp since all other quantities in the 
above expression are constant for any 
one particular cross section. The inter- 


609-8 


‘ 
of the MME that will influence 3 
ee e effec- 
the sec- : 
ve 
in the ea fune- 
tion o axial load 
gram HES found that the initial a 
tests has when the axial 
stress was large in relation to the yield E 
; point.* 
using the stability ap- 
| is required when 
he elastic limit In a 
sses and pre- 
hape factors which 
leveloped for various a 
rolled sections 
iiking use of 
hus tar the investiga- 
i gle 
— i few changes 
load and end 
It is planned 4 
the effect 3 
4 
eareh 4 tee A (Materia ndertaker 
Pp 
j Py 
~ 
f 
—Initial Yield = My¢ : 
. — Collapse = Mp, 
\ 
S ? 
= 


™ 
hig. 6 Initial yield interaction curve 


neglecting the influence of slenderness 
ratio 


auction curve for this case is plotted in 
Fig. 6 

Next consider the case of a column of 
length L subjected to the loading shown 
The moment along the column 
will be composed of two parts —that due 
to the imposed end moments, Wy and 
Vx (Fig. 7b), and that due to the axial 
load, P, multiplied by the deflection, 
(Fig 7c). The distribution of total 
moment is shown in Fig. 7d. Referring 
to Fig..8 the bending moment is a maxi- 
mum at one end of the column when axial 
ibsent. If the end moments 


in Fig. 7a 


thrust is 
are held constant as the axial load is in- 
creased, a load is reached above which 
the bending moment is no longer a maxi- 
mum at the column end but at a point 
between the two ends Further increase 
in axial load inereases the distance from 
end A to the point of maximum moment. 

The value of axial loa 1, for which the 


M due to P-y 


Column loading and moment 
diagrams 


Fig. 7 


610-s 


slope of the moment curve at the end of 
the column is zero (2, in Fig. 8b) is termed 
P,. This case is shown in Fig. 8b and 
is the limiting load for maximum moment 
at ead A, The interaction curve for the 
range P < P, will be a straight line since 
the maximum moment will oecur at the 
end of the column. Two factors which 
influence the magnitude of P, are slen- 
derness ratio and loading condition. A 
more slender column deflects more under 
bending moment and the moment due to 
axial load (7+) is correspondingly larger. 
Thus P; is lowered. As concerns load- 
ing condition, the most severe is load 
condition ‘‘c’’ for which P; is always 
Zero, 


Loading Condition 


The distinguishing feature of this type 
of loading is that one end is maintained 
in & “‘fixed’’ position; that is, it 
allowed to rotate while moment and 
Consider the 


s not 


axial load are applied. 
column with axial load and end moments 
as shown in Fig. 9 The general equation 
of the deflection curve (Reference 19, 
eq 23) for such loading is: 

Ve [sin kr r 
kL L 


‘ [= ACL zr | (6) 
P sin kL L 


where k = V 
If this equation is differentiated with 


y= 


respect to rc an equation is obtained for 
the slope at any point along the defleeted 
At end B (c = L) the slope is 
boundary condition, 


beam, 
zero. Using this 
an expression for Wy in terms of M4 may 


be found. The slope equation is given by 


Mmax 


| 


>P, 


where P< Pe 


Fig. 8 Effect of axial load on distri- 
bution of moment 


Ketter, et al.—Column Strength 


Fig.9 Loading condition **b”™ 


Mealy 
GEI°® 


Mal 


where 


3 
u E Qu 
_ 3 [ | 
2u L2u tan 2u 


kL 
“= 


= 


Since 0 = 0. 
Mel Val 


Ms, = 2y Ma 

Substituting this value in the general 
expression for deflection (eq 6) an equa- 
tion for this particular loading condition 

is obtained. 
‘(= ACL 
sin kL 


kr 

\sinkL L 
Differentiating this deflection expression 
twice with respect to x results in the equa- 


tion for curvature along the member 


Mak —sink(L — x) + 
P sin kh 


ay sin 


Since 


then 


Vx 


M = sin kL sink(L —. Qy inf r| 
(Ss 


By differentiating eq 8, with respect to 
x and equating to zero, it is possible to 
solve for the distance to the pomt of 
maximum moment in terms of k, @ and ¢ 
Yielding should oceur at this point. Then, 


dr sin kL 


Therefore, 


2 


— @/2y — cos =] 
sin kL (9 
k 


If eq. 9 is multiplied by 1/L, 
tities in the right-hand side of the expres- 
sion are functions of 2u where 2u = kL 
The resulting plot of this equation of 
2u versus zr/L is shown in Fig. 10 


cos kez 


cos k(L — = 


all quan- 
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Fig. 10° Solution of eq 9 locating the 
position of maximum moment as a 
function of axial load 


To tind the axial load, P,, for which 
the moment gradient is zero at the end 
of the column, set z = 0 in eq. O. 

Then 
— cos kh 


This equation will have a solution 


(determined when 2u = 


graphically 


33, or 2u = wr. Since the lowest value 


of P is of interest, 


The buckling load for one end fixed (A* = 
0.7) is given by the equation 

(0.7L)? 
Then 
P. = 0.27P,’ (10) 

Therefore, as long as P is less than or 
equal to 0.27 P,’, theoretically the maxi- 
mum moment will occur at end A of the 
column, 

typical interaction curve for this 
condition of loading is shown in Fig. 11. 
(Lr = 112, has been chosen for illustra- 
tion 


* K is the factor 
length of the columr 


which indicates the effective 


Fig. 11 Initial yield interaction curve 
for loading condition 
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Loading Conditions and 


Using an approach similar to that for 
load condition “b” equations may be 
determined for the three remaining load 
Table l. 
which have been omitted from this paper 


conditions (‘‘a,”’ These are 


suinmarized in Derivations 
may be found in Reference 4 which also 
includes sample calculations. 

It is observed that the interaction curve 
equation for load condition ‘ 
tinuous at a load equal to the Euler load 


‘a’”’ is diseon- 
for a pin-ended column. In spite of the 
fact that the column is bent in double 
curvature with end moments, the column 
is basically pin-ended since there is no 
end restraint; end moments are applied 
but there is no resistance at the ends to 
rotation under constant moment at the 
Ruler load, 
sideration, 
that of double curvature so long as the 
axial load is less than the Fuler load and 
this has been shown in Table 1. How- 
infinitesimal) initial 


In the ideal case under con- 
the deflected configuration is 


ever if a very slight 
curvature is assumed, then it will be found 
that the deflections tend to become in- 
finite at the Euler load for a full length 
column.* In other words, the curvature 
degenerates from double curvature to 
single curvature at this load. 

In building frames with continuous con- 
nections the columns are actually re- 
strained. So long as yielding does not 
occur they will carry load above the Euler 
load until the buckling load of the re- 
This latter 
condition is realized when the total stiff- 


strained column Is reached, 


ness at the joint reduces to zero, and pro- 
cedures are available for solving this prob- 
lem. Columns thus restrained may yield 
at higher loads than predicted neglecting 
end restraint since the restraint tends to 
decrease column deflections. 

Tests of columns under load condition 
“a” have been restricted to a range of axial 
load in which vielding precedes failure 
due to elastic buckling As has been 
mentioned? the test apparatus may be 
used to simulate a range of end restraints, 
A research program on the behavior of 
elastically restrained centrally and ec- 
centrically loaded columns is underway 
at Cornell University. 


“Simple Plastic Theory’ Collapse 
Solution for = 0+ 


of the specimen under 
disregarded (L/r ap- 


The length 
consideration is 


* For example, an initial curvature resulting in 
the equation, ve 6 sin rz/L could be assumed 
When axial load is applied, the resulting incre- 
ment of deflection due to initial curvature is 


wr 
Y= 
1=(P/P.)” 
when P approaches P-¢ this deflection tends to be- 
come infinite—a condition of instability 
+ The following development is based on 
hypotheses presented by Baker’ and Roderick.‘ 
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where dx—— 0 


Figure 12 


proaches zero), Thus the loading condi- 
tions are those of Fig. 12 and the interac- 
tion curves developed apply to a particular 
cross section. So long as the bending 
moment is a maximum at the end of a 
column the equations also apply to the 
column as a whole, Consequently, the 
following assumptions are 
Lateral and local buckling are not con- 


sidered; (b) there is no increase in deflec- 


made: (a 


tion due to axial load. 


Consider one limit of the problem, in 
which the axial load, P, is equal to zero 
The ultimate moment that could be ap- 
plied to the ‘“‘column’’ aecording to the 
simple plastic theory is! 


M, = 


where Z is the plastic modulus which is 
the static moment of the section, o, 
is the lower yield point stress and 7, is 
the plastic hinge moment. The stress 
distribution implied by this formula is 
shown in Fig. 13. 


Assumed stress dis- 
tribution according to simple 
plastic theory: Plastic hinge 
moment 


Fig. 13 


If the moment applied to the section 
were less than M, but greater than the 
initial yield moment, M,, the typical 
stress distribution would be as shown in 
Fig. 14. If 

Z, = static moment of part of section 

remaining elastic 

S, = section modulus of part of section 

remaining elastic 
then the moment corresponding to the 
stress distribution of Fig. 14 is 


en 


—e, = Mp>M,>My 
Fig. 14 Assumed stress distribution 


according to simple plastic theory: 
Moment less than Mp 
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Z 
This equation is derived from beam theory 
since there is no axial load on the section 
In Progress Report No. I! the above 
expression has been compared with the 
results of simply supported beam tests 
Consider now the effect on the moment- 
carrying capacity resulting from the addi 
Nore: Only the case 
of complete plasticity is investigated 


tion of axial load 


(a Neutral Aris Assumed w Be in th 


The following nomenclature is adopter 


See Fig. 15 


figure 15 


P = applied axial load 

4 = distance from center line to neu 
tral 

u web thickness 

Zp = static moment of portion \ ielded 
b ixial load 

t = thickness of flanges 


From the known physical dimensions of 
the section it is possible to determine 
equations for P and V, 

The stress distribution at the “hinge” 
condition that would be caused by a 
loading condition of end moment plus 
axial load is shown in Fig. 16. It is 
assumed that the axial load is such that 
the neutral axis is in the web and, 
as shown in Fig. 16 (6 and c), that the 
total stress distribution is made up of 
two parts: a stress due to axial load and a 


stress due to bending moment 


= 


y 
Total Stress stressdue 


stress due 
Distribution to P tom 
(a) (b) 


Fig. 16 Stress distribution assumed 
by simple plastic theory including the 
influence of axial compresion 


From Fig. 164, the axial force is given 
by the expression 
P = 2o,you (ul 
The bending moment corresponding to 
the stress distribution of Fig. 16¢ is 


VM pe = Z 12 
where Z, = Moye is the plastic 


hinge moment modified to include the 
effect of axial compression. 


(b) Neutral Axis Assumed to Be in the 
Flange 


Using the same reasoning as above, 
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Figure 


the axial force is given by 

P = a,\w(d 2t) + 2A,/ 13 
where Ay distance from the inside of 
the flange to the neutral axis which has 
been assumed to be in the flange (Fig. 17 
The modified plastic hinge 
by 


Value is given 
the « ypression 


V hat Ay (d {+s 14 


\ typical collapse interaction curve 
tauking use of the simple plastic theory 
for L/r 0 is shown in Fig. I8 For 


uw assumed value o the 


P and M,,. mav be determined from eqs 


coordinates 


il and 12. When the neutral axis is in 
the flange, eqs 13 and 14 give the co- 


ordinates of the interaction curve 


Fig. 18 
lapse interaction curve (neglecting 
the influence of slenderness ratio) 


“Simple plastic theory” col- 


It is again emphasized that this solution 
only applicable to columns when the 
moment is maximum at the end of the men 

her and for the range of L/r in u hich 
elastic lateral buckling does not occur For 


Table 1 
limiting 


the various loading conditions 
summarizes values of P,, the 
ixial load for maximum moment at the 
end. Certainly above this value, and 
possibly slightly below it, these equations 
do not apply for real columns 

Tests of columns bent about the strong 
r—r) axis show that a “lateral buckling 
type of failure takes place when the axial 
load is of such magnitude that the mo- 
ment is not a maximum at the column 
end* (P 2 P,) 
tending the analvsis to include such a 


Thus, the value of ex- 


case appears academic unless the column 
is bent about its ‘‘weak’’ axis 


Jezek Buckling Solution for Condition 


Loading condition ‘‘c’’ is identical to 


* Of course, lateral buckling tiay oceur when P 


is less than P17 
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loaded column with 
equal eccentricities at each end. F 
Bleich,’ has 
analysis for this condition based on the 
work of Jezek and Chwalla. Bleich's 


notation will be used as follows 


the eeccentrically 


described procedures of 


Oco = the critical average stress of the 
centrally loaded column de 
rived from an actual column 
curve 

o. = the critical average stress of the 


eccentrically loaded columi 


Multiplying the right-hand side of the 
ibove equation by A, A 


The following approximate equations 
have been recommended for predicting 
the buckling load of structural steel 


columns with a lower vield point of 40 ksi: 


for L/r = 20 to 75, 
a= (1+5)+™5 (4) 15 
2 YOOO r 
for L = 95 to 200, 
10,600 
pB=1-4 3 
(L/r)? V* 
where 
Kk = eccentricity ratio 
17 
8 2 Pr 


Consider the range of L/r from 20 to 75, 
Introducing a shape factor of 1.3, as ten- 
tatively recommended by Bleich’,* from 


eq 15: 


Solving this equation lor « and making 
use of relation 17 the following equation 


relating M and P is obtained: 


Pr? L/r)? 


Initial Yield 


MM, 
Fig. 19 Jesek buckling interaction 
curve 
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LLL 
g 
Z 
NA 
f> 
Aa P 
Z 
p : 
DM, 
| 
4 
jN-A. in Fig 
'N.A in Web 
Vv 1.3x/L\? 24 
\ * This “shape factor” is not the value of : a 
V,/M, as used in simple plastic theory, but is a 
factor to be applied to the term « dependent on s 
~ P 
\ JMo 
3 
| P 
Pp 
< 


The deviation of eq 18 from an exact 
solution becomes appreciable for small 
values of «, but decreases rapidly as M 
Increases, 

A plot of eq 18 for a particular column 
(SWF31 shape L/r = 55) is shown in 
Fig. 19 by a solid line 


Discussion of Interaction Curves 


Equations for computing interaction 
curves according to the “‘initial yield” 
eriterion were presented above for the 
four standard loading conditions and are 
summarized in Table 1. 

The influence of length on each load 
condition is shown in Fig. 20. For a 
certain moment the axial load at which 
vielding will oecur decreases as the slender- 
ness ratio increases. However, for each 
loading condition except “c’’ (single eur- 
vature) there is a range of axial load which 
Is theoretic all unaffected by slenderness 
ratio. The three-dimensional interaction 
curve of Fig. 21 illustrates this range for 
one particular loading condition. It. is 
that region defined by the plane efghi). 
In this figure end bending moment versus 
axial load versus length of column has 
been plotted for a 4WEI3 shape, the mem- 
ber being loaded under condition ‘‘d.”’ 
This surface defined by the straight lines 
ef, gh and Ai and the curve ye is a plane 
(assuming the idealized stress-stram 
gram shown in Fig. 4 Then for any 
point on this surface, the load-carrying 
capacity as determined by initial yield- 
ing is not a function of length of the col- 
ymin The problem lies in the fact that 
the real column eurve, for as-delivered 
members, does not have a straight hori- 
zontal portion at the loud Py. The same 
is true of the lateral b iwkling curve, Me 
versus Ld bt 

Kigure 20) (loading condition d”) 
amounts to cross curves of Fig. 21 cut 
by a plane parallel to the P/M plane and 
«ts various slenderness ratios Timo- 
shenko (Reference 1S pp 0 43) has 
used crogs curves pamidllel to the P-L/1 
plane and atv rious moment-values to 
show the influence of end eecentricity of 
load upon the initial yield) strength of 
columns. Such curves have been used by 
the in their column design speci 
fications. In preference to this method, 
interaction curves such as those shown in 
Fig. 1S have been used for presentation of 
experimental and theeetical results in 
this current series of tosts since two criteria 
of failure (vielding collapse) may be 
compared and the method of loading may 
be clearly indieated m such figures 

In comparing the mnitial vield strengths 
for the various lowding conditions (see 
Fig. 22), it is evident that below the 
Ruler buckling load, the severity of load- 
ng condition increases in the order a,” 
and ‘‘c.” 

The various ?;-values (the thrust below 
which the bending moment is a maximum 
at the column end) have been indicated in 
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Load Condition P Load Condition P 


Load Condition P 


c 


5 


Load Condition 
200 
My —— 


Influence of slenderness ratio on the initial yield interaction curve 


AXIAL LOAD 


END BENDING 
MOMENT 


INTERACTION 
FORMULA 
Fig. 21 Three-dimensional interaction curve for loading condition “‘d™ 
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Fig, 22 and these have also been tabulated 
in Table 1 Since the modified Euler 
load for flexure about the y-y axis (125 
kips is less than the vield pomt load 
(150 kips), the maximum load which 
{WEI3 columns may sustain under load- 
ing condition *b' is 125 kips. Thus the 
curve has been dotted above this load 
The effect of restraining moment at one 
end is quite pronounced as may be seen 
by comparing with “a,” and 
The dotted portion ot the load condition 
“a” interaction curve (extended) shown 
in Figs. 20a and 22 would be realistic only 
if the column were assumed laterally 
supported at the mid-height 

Collapse solutions for  eccentrically 
loaded columns based on a more rigorous 
plastic theory, such as along the lines 
advocated by Jezek and Chwalla.’ have 
not been included in this report. This 
type ol procedure has been followed by 
P. P. Bijlaard*® in the current investiga- 
tion of Rigid Joint Structures at Cornell 
University Their results are applicable 
to members bent about the weak axis and 
restrained about the same axis. Later 
tests at Lehigh in which the effect of 
flexure about the weak axis is studied will 
be compared with the theoretical and 
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100 
END - BENDING MOMENT 


Fig. 22 Influence of loading condition on interaction curves AUF 13, Lor 


experiment i] results of the Cornell work 


IV. COMPARISON OF INITIAL 
YIELD INTERACTION CURVES 
DESIGN SPECIFICATIONS 


Present design specifications for the 
type of steel structures encountered in 
civil engineering practice ire in general 
based on initial yield as the criterion of 
failure. Therefore, a comparison will be 
made with the design formulas mentioned 
earlier in this paper and the initial yield 
formulas. If the end bending moments 
are considered as moment due to end ec- 
centricity of load and /or initial curvature, 
certain of the design formulas should be 
in agreement with some of the equations 
summarized in Section IIT of this paper 
(load conditions and ‘‘d’’) since 
they are direct applications of the initial 
vield criterion based on the work of Timo- 
shenko and Young. 


14SHO Column Specifications’ 


A 1 + [0.25 + B cosec 
where 

» = factor of satety 
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B = Va! — 2a + 1 

a = ratio of the applied end moments 
a, = lae=+l,a 0, the 
subscripts referring to the load 
condition shown in Fig. | 


L Py» 

oA = AE 

Assuming that the initial end moment 
Vo, for the column under investigation 
is caused by a known eccentricity, é 
and an assumed additional eccentricity 
ratio in the plane of the known eccentric- 
itv, e/s = 0.25, to compensate tor end 
load eccentricity, secondary moments 


and accidental crookedness. Then 


Substituting this in the AASHO fermula 
above and noting that 4 = kLy », the 
following equation Is obtained 

f r 


Since a correlation with the initial vield 
condition is sought then » 1, and the 
above equation reduces to 


= kL ‘| 


in which f, has been replaced by oy. For 
the various loading conditions defined by 
B, this equation is identically equal te 
those previously derived. For example, 


consider loading condition a 


S 


S sin Al [ | 


2 

2S sin kL /2 cos kL /2 P 
[ 2 sin AL/2 ] E ‘| 


as given in Table 1 


{REA Specification for Structural 
Steel Compression Members 


Nag 


where f = factor of safety (corresponding 
to 7 in AASHO specificat.ons) 

The major differences between the 
AASHO and the AREA formulas are that 
in the latter (1) bending is assumed about 
both axes of the section and (2) only load 
conditions “ce” is implied. To obtain 
the maximum effect, the member is as- 
sumed to have initial curvature in the 
weak direction 

Making the assumption that bending 
in the plane perpendicular to the web is 
caused by a known eccentricity, @, and 
an additional eecentricity ratio ¢ 
0.25, and that bending in the plane of the 
web is caused only by a known eccen- 


tricity, @, the equation for moment in 
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Figure 23 


each of these planes is (see F ig. 23) 


Therefore 


Testing Machine Head 


4 
ome 
est Fr 
} ve 


Adjustable 
| Cross-Broce | 
| 
x. { 
Dynamometer 
Hydraulic 
Jack 


For the initial yield condition, f = 1. 
Replacing f, by o,, the general equation 
reduces to 

PM kL , Me kh 

o + + ser 


i 2 2 


which is the same equation as that de- 
veloped in Section IIL for load condition 
with the terms arranged somewhat 
differently, the equation being extended 
for the ease of bending about both axes 


Interaction Formula® 


where 
f, = P/A 
Mel 
= 17,000 L 
12,000,000 
= ‘ d/bt > 
Liv bt for Ld bt > 600. 


20,000 for Ld bt < 600. 


The Ld bt formula was derived for a 
uniformly loaded, simply supported beam. 
Also, the 
AIS¢ 


parabolic formula which allows inherently 


limiting eolumn stress in the 
Interaction Formula is defined by a 
for the factor of safety. In Fig. 21 graphi- 
i comparison is made for one loading 


condition and size of the sur- 
faces mapped by the AISC formula and 


the theoretical 


member, 


interaction curve being 


shown, Throughout the report the AISC 


interaction formula has been plotted on 
theoretical and experimental curves using 
the radius of gyration of the axis about 
which bending was applied bs 


* In order to produce failure with the bending 
occurring about the stronger axis, knife edge sup- 
ports were located parallel to this axis for all tests 
reported herein. Had the effective length of the 
column, AL, been the same for both radii of 
gyration, as usually is the case in most engineering 
structures, the value of F, would be determined 
by r, rather than re, thus affording an additional 
factor of safety 
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Fig. 24 Test apparatus 


EXPERIMENTAL 
INVESTIGATION 


Description of Test 
Procedure 


{pparatus and 


Details of the test apparatus and test- 
ing procedure are described in Reference 
2 which also includes an outline of the 
original test program. One figure has 
been reproduced here for illustration: of 
the test that end 


bending moment could be applied inde- 


method. In order 
pendently of axial load, the apparatus 
shown in Fig. 24 has been used in the 
experimental part of the investigation. 
\ recent change has been the use of dial 
taut-wire and 


instead of mirror 


In these 


gages 
gages for measuring deflections. 
tests, deflection measurements in the 
strong direction were made by use of a 
deflection rig (Fig. 25). This rig is sus- 
pended on a rod located on the plane of 
the upper base of the column at its center 
line. It 


rod located in the plane of the lower base 


is allowed to slide on another 


of the column also at the center line. By 
using this system all readings are taken 
with respect to the original axis of the 
A disadvantage of the 
viously used method was partly its lack 
and partly the difficulty 
of reading the gages during the test bé- 
cause of limited working space around the 


column. pre- 


of sensitivity 


test column. 

For measuring deflections in the lateral 
direction the arrangement shown in Fig. 
26 is used, dial gage extenders being 
clamped to the flanges of the column. 
This is a technique commonly used by 
the Cambridge University group. One 
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Deflection Gage Rig 


+ End Fixture 


Fig. 25 Deflection gage 


rig 


end of the extender is a piece of spring 


twisted through 90 deg, thereby 
assuring freedom 


directions, 


steel 
from restraint in all 
This spring steel is in turn 
riveted to an aluminum rod, the other 
end of which contains a recess to receive 
the plunger of the dial gage. With this 
method for measuring lateral deflection 
twisting motion may also be followed 
With one exception all tests have been 
conducted by first applying the axial 


This load has 


while 


load to the desired value. 
then 
the bending moment is increased to col- 


been maintained constant 


lapse 


Column Tests Completed 


Table 2 presents a summary of the 


column test results. Two geometrically 
similar sections were chosen for investiga- 


SWF31 and 4WFI13 
sections with lengths of 8, 


Using these 
12 and 16 ft 


tion, 


Extender 


Spring-Steel 


Fig. 26 Lateral deflection gage ar- 
rangement 
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| | 
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| | Test | 
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| 

Vo. = Pler ‘on 
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= 

— ip 


Failure 
Test Length, loading 
No Section ft L/r, condition 
Pilot 4WFI13 16 111.6 b 
1 6 20.6 d 
2 SWF40 6 20 4 b 
3. SWFE31 16 55 4 ly’ 
SWF31 16 55.2 
5 SWFES3I1 16 55.3 b 
16 111 7 
7 WEIS 16 10.9 
SWF3I 16 55.1 ‘ 
4WFEI3 16 111.0 b 
10 IWEI3 16 111.0 
SWF31 16 55 2 
12 SWF31 16 55.2 
13) 16 d 
14 SWFS3I 16 55.2 i 
15 SWFES3I 12 41.3 ‘ 
16 SWF3I 12 41 2 


P/P Type of failure 
0 26 Bending plus torsion 
0.13 sending? 
O14 Bending t 
0.50 Bending, torsion and 
buckling 
0 12 sending plus local buckling 
0 80 Bending plus torsion 
0 26 Yielding prior to testing 
0 26 Jending plus torsion 
0 13 Sending plus torsion 
0.10 Bending plus torsion 
049 Bending plus torsion 
0 Bending plus torsion 
0.12 sending plus torsion 
0 12 Bending plus local buckling 
0.12 sending plus local buckling 
0 Sending, torsion and 
buckling 
0.12 Bending, torsion and local 


Table 2—Summary of Test Results 


buckling 


local 


local 


Obs Obs 


yield marimum 

strength t oadt maxrimur 
Cal Cal oad 
initia collapse Figure 1/N¢ 
yield oad Vo Spe 

31 

1.09 1.06 8 2.53 
0 OS 111 29 2 53 
1.00 1.00 30 2 61 
1.00 1.00 30 2.46 
0.77 0 86 30 2.33 
0.96 0.85 31 2.41 
07 0.75 32 2.00 
1.01 0.9 31 2.20 
0.78 0.69 31 2.26 
0 77 0.87 32 2.46 
0 64 0.83 32 2.05 
1.15 1.08 33 2.68 
0.97 1 00 34 2.62 
0.69 0 S84 35 2.10 
0.91 0.82 35 2.00 


* These 


Test not continued sufficiently to ce 


- Collapse 


/ 


Yield Strength 


END 


MOMENT 
Yield Line 
(Determined from White Wash) 


END ROTATION 
Fig. 27 Various graphical criteria for 
comparing the strength of columns 


V ilues based on Measures cross-section dimension 


+ Determined from radial lines through the experimental points 
t velop inelastic local buckling 


has made it possible to test columns in a 
range of slenderness ratio extending from 
L/r 27 to 111 the 


strong 


for flexure about 


Test Results 
The results of the tests listed in Table 2 


q 35 


determined 


are presented im Figs. 28 through 


Here the 


strength values are compared with inter- 


experimentally 


action curves. Results are presented 


according to three criteria 


1. First observed vield line (other than 


local yielding at the ends) 
2. Yield strength. 


3 Coll ipse 
These conditions are defined graphically 
on the moment-rotation curve of Fig. 27, 


vield 


The method shown for determining 


strength was previously described by 
one of the authors 
Double weight lines are shown on the 


interaction curves to indicate the path 


chosen for attaining a certain position 
the curve. At the 


at which the first vield line was observed, 


on interaction point 


a dash perpendicular to the direction of 


testing is shown At the point corres 
sponding to the vield strength a circle is 
shown The collapse load has been 


indicated by a square 


9005 02 03 04 O05 06 O7 


y 


™ Length of Column T-i was 6-0" 


Fig. 28 Results of T-1 and interaction curves for loading 


condition **« 
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* Length of Column T-2 was 6'- 0" 
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Fig. 29 Results of T-2 and interaction curves for loading 


condition 
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Results of 7-3, T-4 and T-5 and interaction curves 
fer loading condition **b” 
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o Previous Lehigh Column Test Results (See Ref |3) 


Fig. 32 


Results of T-8 T-11 and T-12 and interaction 
curves for loading condition “ec.” Results of tests by 


Johnston and Cheney" also shown 


T-i3 


| 


02 03 04 0 


M 

/ 
My 
Fig. 31 


Test 6 has been omitted since the column 
vielded due to flexure in the weak direc- 
tion during alignment prior to testing, 
undoubtedly reducing the carrying ca- 
pacity of the column 

Test & (Fig 
tested thus far with the application ot 


$2) was the only column 


bending moment preceding axial thrust. 
A moment was first applied to a certain 
vaiue and Was maintained constant while 
axial load was increased to collapse 

Test 14 (Pig. 34) was stopped after 
having just reached the predicted col- 
lapse value because of the difficulty of 
providing enough lateral foree at the 
ends of the member to counteract the 
high shear forces developed by load condi- 
After realigning the column 
by eve, a second test was performed al- 


tion 


618-s 


Results of 7-0, 17-7, T-9 and T-10 and interaction 
curves for loading condition “b’ 


5 06 O7 00 O03 04 O05 O06 O 


Fig. 33 


This is 


shown by the dashed line on the same 


lowing the axial load to increase. 


figure. 


Vi. DISCUSSION OF TEST 
RESULTS AND SUMMARY 


The results will now be discussed in 
Although 
there are other objectives for specific 
studied 


the sequence of the figures. 
tesis, the variables 
here are the following: (a) the influence 
of distribution of moment on column 


principal 


strength, (+) the influence of relative 
magnitude of axial load on column 
strength. With a few notable exceptions 
the latter factor has been deemphasized 
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os 10 
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/ 
My 


Results of T-13 and interaction curves for loading 


condition 


in the latter tests, the P P.,. ratio being 
kept low 


work. 


pending further theoretical 


Test 1 (hig. 28) (8WE3ILL r = 27, Con- 
dition 


This test simulates a column in a singl 
bay portal frame with pinne d bases The 
analogy explains the selection of the rela- 
tively low ratio of P/P.,. Theoretical 
interaction curves for this short column 
loading conditions. This is due to the 


are identical in the 


fact that the maximum moment is always 
at the end at which the moment is ap- 
plied. 


The moment carried by 7-1 was con- 
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siderably in excess of that predicted 


further moment could have been sustained 
since the test was stopped while the mo- 
ment was still increasing. This increase 
is undoubtedly due to strain hardening, 
an effect more pronounced in this test 
than in those which follow, because of 
the more severe moment gradient than 
that present in the longer columns In 
the 
plastic zone 38 given by the expression 
LO-M,/M,). Thus for the shorter col- 
umn the plastic zone is shorter, and the 


each test the theoretical length o 


effective strain-hardening tendency is 


greater. 


Test 2 (Fig. 29) (@WEM, Lor = 27, 
Condition 


This test was intended as 4 preliminary 
to a portal frame test in which the column 
bases are pinned Both Tests 1 and 2 
indicate that there is a range in which the 
ultimate strength in bending is unaffected 
by axial load 


Tests 3-5 (Fig. 30) (8WF3I, Lor = 55, 
Condition 

T-3 and T-4 developed the predicted 
collapse values, failing eventually due to 
local buckling after strain hardening 
commenced. 7-5 did not develop. the 
full strength, buckling sidewise due to 
combined bending and twist. Residual 
stress is a factor in this failure as vield- 
ing commenced in 7-5 while axial load was 
increasing, prior to moment applic ation 

A residual stress level of about 12 ksi 
was present as determined by a separate 
series of measurements. On the ?/P, and 
coordinates this would  corre- 
spond to a ratio of 0.7 The “observed 
first vield lines” are in as close agreement 
with the ratio as could be expected 


Pilot Test 0 and Tests 7, 9, 10 (Fig. 31) 
(4WF13, L/r = 111, Condition **b”’) 


These 16-ft, 4WF13 columns of greater 
slenderness ratio than those in Fig. 30 
failed by lateral buckling, none reaching 
the ‘modified plastic hinge” value. Thus 
the influence of slenderness ratio is quite 
pronounced over the range 11 lll to 
L/r 55 

Considering first the theoretical initial 
vield curve, the departure from a straight- 
line relationship is & measure of the in- 
fluence of the additional moment due to 
deflection of the column 

Above about 125 kips (P?/P, = 0.84) 
the “initial vield” and “ultimate strength” 
curves have no real meaning since this is 


the maximum value the column can carry 


under axial load, and theoretically, col- 
lapse should occur in the “weak’’ diree- 
tion. Figure 33 also shows the straight- 
line lateral buckling relationship dis- 
cussed in the work of Hill and Clark” 
and is applicable for the case of equal 
moments at the ends. 7-7, 7-0 and T-9 
indicate strengths greater than predicted 
on the straight-line basis, and this is 
probably due to the fixed-end loading 
condition The collapse load for T-10 is 
somewhat below that predicted by the 
straight-line interaction formula for 
“lateral buckling.” The presence of 
residual stresses is expected to reduce the 
lateral buckling strength as the avial 
load is inere ased 


The agreement between Pilot Test 0 


and 7-7, indicates that there was no 
influence on ultimate strength of prior 
plastic deformation. Conditions were 
identical except that 7-0 had been plas- 
tically deformed about the r-r axis earlier 


in the pilot program 


Tests 8, 11, 12 (Fig. 32) (8@WE31, Lior 


55, Condition **c’’) 

The straight-line lateral buckling equa 
tion would apply directly to this loading 
condition. However, and M.,/M, 
are both greater than 1.0; thus the curve 
is not shown. The Jezek solution de- 
scribed earlier is shown in this figure 

T-8 was conducted as a comparison 
for a test carried out at Cambridge Uni- 
versity, England. It constitutes the 
only test done thus far in which the end 
moment was maintained constant while 
axial load was increased to collapse 

Comparing 7-12 (Fig. 32) with T-4 
(Fig. 30), even at the low ratio of P/P, 
the distribution of moment becomes ar 


important factor 

7-11, together with a later axial load 
tests, reflect the influence of residual 
stress, The maximum theoretical strength 
for M = 0 is Py, when locked-up stress 
are neglected According to the column 
curve in Progress Report C,® this maxi- 
mum strength should be reduced about 1% 
based on measured coupon stress-strain 
properties The actual observed reduc- 
tion is about 15% and it is considered 
that residual stresses are primarily ac- 
countable. * 

The first vield lines were observed at 
relatively lower end moments in the 
series shown in Fig. 32. One reason is 
that the maximum moment is at the 
center of the column; of all the loading 
conditions, this results in the greatest 
difference between the magnitude of end 
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moment and of 
Condition ‘‘c”’ 


maximum moment. 
is clearly the most critical 
condition for columns bent about the 


strong AXis, 


Test 13 (hig. 33) (8WE31, = 55, 
Condition “d”) and Test 14 (Fig. 34) 
(8W = 55, Condition 


Together with 7-4 (Fig. 30) and 7-12 
(Fig. 32) this completes a series at one 
PP.» value on the influence of type of 
loading on the behavior of 16-ft columns. 
Test 14 was ‘topped after the predicted 
plastic moment value was reached due 
to the concurrent development of high 
shear forces which overloaded the testing 
frame in the case of load condition “a.” 
Only under ce andition “ce” loading did 
the columns fail to develop the predicted 
vield strength 

In 7-14 a second loading was carried 
out as mentioned in the previous section. 
The prior plastic deformation did not 
prevent the member from developing its 
predicted ultimate strength under the 
new loading conditions. 


Tests 15 and 16 (Fig. 35) (8WF31, 
Lr = 41, Condition *‘c’’) 


These tests are comparable with the 
7-8, T-11 and T-12 series of Fig. 32 except 
that Lr has been decreased from 55 to 
11 by use of a 12-ft column. The results 
ure similar to those obtained for the tests 
of longer members under this loading 
condition. 


Selected Previous Column Tests Re- 
sults 


\ large number of eecentrically loaded 
columns were tested in a previous investi- 
gation at Lehigh University. 
test the ece 


In each 
“ntricities were equal and on 
the same side of the longitudinal axis 
(load condition “c’’). The 
those tests for which the 


results of 
slenderness 
ratios were near the values of 55 and 
41 are plotted in Figs. 32 and 35, respee- 
tively. Only columns bent about the 
included. In each of 
these tests both vielding and collapse 


strong axis are 


strength are appreciably higher than those 
observed m= the nt investigation. 
This difference may be due to the effect 
of shape ef cross section which also in- 
fluences the level of residual stress pres- 
ent. A 315.7 shape was used in the 
earlier program. 


General Discussion 


Two general modes of failure were 
observed in the tests: (a) Combined bend- 
ing and torsion (often referred to as “lat- 
eral-torsional buckling”), and (6) bend- 
ing plus local buckling. Figures 36 and 
37 show columns which have collapsed 
due to eombined bending and _ torsion 


6§20-s 


which is typical for those columns which 
were loaded in single curvature (condi- 
tion “‘c”’ loading). The failures shown 
in Figs. 38 and 39 involve local buckling 
of the flange elements. They are typical 
of columns deformed in double curvature 


and columns in which the bending moment 
is a maximum at the end of the column 
The load-carrying capacity equals or 
exceeds that predicted by the theory; 
‘e local buckling shown prevents the 
member from carrying additional load 


Fig. 36 Column failure (lateral buckling) under loading 


condition “ec” 


Fig. 37 


Column failure (lateral t 


wchling) under loading 


condition 


Fig. 38 Column failure (local buckling) under loading 
condition 


Fig. 39 Column failure (local buckling) under, loading 
condition 
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As stated previously, a summary of the torsional buckling. Further analytical chairman) are sincerely appreciated. This 
test results has been shown in Table 2 work is needed to include this important program is being carried out in the Fritz 
Here loading condition, P/Py, L/r and mode of failure Engineering Laboratory of which Prof 
type of failure for each specimen have 4. Two general types of instability Wm. J. Eney is Director 
been listed. Except for short columns failure have been observed in these tests 
with relatively low axial loads tested under involving flexure about the strong axis ieee 

conditions ‘‘a b” and “d,”’ failures have These are lateral-torsional buckling and : 
be f ater: tvp ocal buc ose Cases 
been of the “lateral buckling” type ] | buckling. In those ca in which Selected Reports in the Lehigh Series 
tegardless of L/r or P/P, the singh the strength predicted by the simple 
curvature loading condition has in plastic theory vas reached, the final W 
G., “I Beha f Wide 
ill cases resulted in failure by lateral- collapse was a result of buckling of the Pioerean 3 N rue W snes egntaie 
torsional buckling. The tendency compression flange elements, providing 27 1 Re 
ward this mode of failure was most pro- the test was carried to collapse Johnston, Bruce ( Test i of 
- bined Th st iM I gress Re 
nounced when the value of P/P, was 5 Below the Euler bue load the No. 2. } keg S ' VIII, N 
relatively high. The reduction in failure severity of loading conditi increases 109 x. R ' : : 
load is in part due to residual stresses in in the order “a and “‘e.’ Like- Re of 
P Progre R 
the member vise for the same the tendency I N 2054 
In all cases in which the strength pre- toward a lateral-torsional mode of failure Lehigh Univers Nove 1950 
4 Kette Robert I Beed Lynn 
dicted by the simple plastic theory was nerease in the same sequence In each t ( s f ( Pp aa 
I at } 
reached, the final failure was due to local of the tests under condition ‘c’” loading t No. 2054.4. Lehigh Univers 4 20 
buckling iteral-buckling brought about final col- Proje« Staff ( s 
When the maximum moment oceurs ‘ Re 
it the end of the member, at least the 6. The predicted vield value for colums : i 3 = Se . 
predicted initial yield value has been bent in single curvature (condition ‘‘e’’) ; 
is 
reached for these tests regardless of the was obtained in tests of this investigation g ( 
mode of failure (see, for example, T- when axial load was relatively low Phe _ 27 a 
7-9 and T-10; Fig. 31). For the condi- reduction in strength at larger values of 
tion of single curvature, the column will axial load is believed to be due to a num- 
not develop its vield strength unless ber of variables These are residual References 
axial load is relatively low (see Figs. 32 stresses, variation of cross-sectional prop- > lie at Geoeed 2 
and 35) erties and initial curvature of the mem- pin ee , of a. I ames in 
the 1a dor 
ber. Such variations may or may not No. 3 
s at n le 
be within rolling tolerances, however Buckling 
Further Studies their cortribution to stress reduction teport 2, ‘ 1951 
I will be the greatest for condition a.” Str ak € ) 
addit to such variables as - TI ark 
ion to such variables as in In the present investigation the latter eral 
fluence of load condition and ratio of two factors have not been of sufficient Columns,” Trans. Am. Soc. ( 116, 1179 ; 

Pep slenderness ratios, tl 1951] 

PP, for various slenderness ratio “ magnitude to appreciably influence test 11. Johnston Bruce G The Structural I 
following influencing factors are currently Significance of Stress,’ Eng.. 291 (May 


receiving attention in the experimental | With the exception of one — test Johnston 


1. Sequence of loading. curred at the end of the column the pre- 

2. Size of cross section. dicted initial yield strength was realized 
3. Bending about the minor ¥-) regi rdless of the mode of f iilure 

axis & The influence Of residual stress is 

1. Residual stress, more important than previously realized 

5 Rotation capacity in reducing the strength of columns 


below values predicted en the basis of 


By the last item is meant the ability of 


small coupon tests 


column to sustain additional end rotations 


9, There is a range of loading condi- 
after the maximum moment has been 
tions in which steel columns will 


reached. The information is needed = 
more load than predicted by the theories 


from both static and dynamic considera- 


herein discussed and another range in 


tion 
which columns collapse below the pre- 
dicted vield strength (see Table 2). Since 19. Timoshenko, S., Theory of Elastic Sta 
bility, MeGraw-Hill Book New York, p. 12 
SUMMARY most column formulas are based upon 1036 
stress as a criterion, this indicates that the 
This research program is still under formulas may be too safe on the one hand } ersity Experiment 
49 
wav and consequently the conclusions but mav not be overconservative for a er, D. ¢ Investiga 
cannot amount to more than a summary of different range tion a en + 3 , 
fa 
the trends that have been observed from Report No. 1, Graduate Division of Applied 
of : Mathematics, Brown Universit April 1951 
iImite¢ number oO tests ‘ Il. ACKNOW LEDGM ENTS 
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Measured 060 032 
Handbook 8 00 Ss 000 
Variation, ‘ +0 +0 40 
Measured 4 139 + 140 
Handbook 4 16 1 06 
Variation, ‘, ~5 05 +4 93 
Measured 300 070 
Handbook 8 25 8 O77 


Variaticn, ‘ 


(AREA) distance 
axis to extreme 
direction of rz. 

depth of section. 

Young's modulus of elasticity 

tangent modulus. 

eccentricity of loading. 

(AREA) known eccentricity of 

the applied load in the direc- 

tion of the smaller value of r 


neutral 
the 


from 
fiber in 


(AREA) known eccentricity of 
the applied load in the direc- 
tion of the greater value of r 
(Te). 
AASHO) eccentric ity of applied 
load at the end of the column 
having the greater computed 
moment, in 


(AASHO) eccentricity at oppo- 
site end. 

(AREA) factor of safety based 
on yield point. 

(AASHO) yield point stress in 
tension. 

(ALSC) axial unit stress (actual) 
= axial load divided by area of 
member 

(AISC) bending unit stress 


(actual) = bending moment 

divided by section modulus of 
member. 

AISC) axial unit stress that 
would be permitted by this 

specification if axial stress only 

existed, 

AISC) bending unit stress that 
would be permitted by this 

specification if bending stress 

only existed 

moment of inertia. 

total length of a column. 

(AASHO) effective length of the 
member 

slenderness ratio. 

ratho governing allowable com- 
pressive stress in flanges as 
specified by the ATSC. 

moment. 


—0 OS 


critical bending moment for the 
bear under pure bending alone. 

full plastic moment, often 
termed “plastic hinge’? mo- 
ment. 

plastic hinge moment, modified 
to include the effect of axial 
compression. 

moment applied at the end of the 
column. 

moment at which yield point is 
reached in flexure. 

same as M, except modified for 
axial compression. 

(AREA) allowable average com- 
lressive unit stress, 

lond on a column, 

critical load on a column. In 
the case of axial load alone it is 
P, for buckling in the elastic 
range and approaches P, in the 
inelastic range 

euler buckling load for pin- 
ended column. 

elastic buckling load for a 
column pinned at one end, the 
other fixed 

elastic buckling load for a column 
with fixed ends, 

limiting load for which the 
maximum moment occurs at 
the end of the column. 

reduced or double modulus load. 

tangent modulus load, the load 
at which bending of a perfectly 
straight column may com- 
mence. 

axial load corresponding to yield 
point stress across entire sec- 
tion. 

radius of gyration in the plane of 
bending. 

(AREA) least radius of gyration 
of the member (7). 

(AREA) radius of gyration of 
the member in a direction at 
right angles with that of r;. 

section modulus. 


Appendix A 


AVERAGE SECTION PROPERTIES 


Area 


(average of 11 specimens) 


0.299 0 427 9.177 

0 288 0 433 9.12 
+3 82 —1.39 +0.63 
4WF13 (average of 4 specimens) 

0 258 0.337 3.759 

0 28 0.345 3.82 
—7.86 —2.32 —-1.59 

SW F40 (one specimen ) 

0 371 0.550 11 691 

0. 365 0.558 11.76 
+1 64 —1.43 —0.59 


S, = section modulus of part of section 
remaining elastic. 
t = flange thickness. 
w = web thickness, 
y = (AREA) yield point in tension. 
Yo = distance from neutral axis to 
centroid of section. 
zZ* = plastic modulus, the static mo- 
ment of the entire ¢ TOSS Sec tion 
about its neutral a 
Z, = plastie modulus of the plastic 
part of a section. 
Zz. = plastic modulus of the elastic 
part of a section. 
” = (AASHO) factor of safety based 
on vield point. 
Cy = lower yield point stress. 
Cer = critical stress, 
8 = core radius = r?/c. 
K = eccentric ity ratio = e/s 
k = VP/EI 
u = a 2 
«Lsin 2u 2u 
(AASHO) 
a = e,/e,: When e, and e, lie on the 
same side of the column axis, 
a is positive; when on opposite 
sides, a is negative; i.e., when 
+e, = +¢,,a = +1 
e = 0, = 0 
+e, = -—¢,,a = 
B = Va® — 2a cos + 
L J, 
QA E 


* Z may be computed conveniently from hand 


book ds 


ata for split T's by multiplying twice the 7 


area by the distance from the end of the stem to 


the centroid of the 


350 27.60 3.483 
7 27.4 3.47 
51 +0.73 +0.39 
215 5 419 1.727 
3 5.45 1.72 
75 —0.57 +0.4 

82 35.379 3.544 
35.5 3.53 
36) —0.34 +0.40 
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Transition from Ductile to 
Brittle Behavior in Pressure 
Vessel Steels 


Discussion by Wendell P. Roop 


A very great advance over earlier thought in the 
Pressure Vessel Research Committee is represented by 
the statement that though brittle failures rarely occu 
in pressure vessels, ‘nevertheless their prevention is of 
paramount importance.”’ May I observe that brittle 
failure is relatively rare also in ships. It is fortunate 
that the research which it was possible to finance as a 
result of the ship failures could be drawn upon in the 
present connection, 

This paper, in its function as an interpretative report, 
properly summarizes much that is not new, and does it 
It is no fault of the 
authors or sponsors that this has sometimes led to over- 


in a graphie and readable way. 


simplification; many ifs and buts which would be 
needed in a more complete treatment of the subject are 
here perforce omitted. 

It is not my purpose to supply these omissions, but 
only to temper this very clear exposition with one or two 
caveats, and point out one or two dangerous approaches 
to definite error. This clarification of a complex sub- 
ject is admirable, and I am sure it is intended as a clari- 
fication of a situation still fluid, and not as a last word. 

As the first example I cite the statement in line 6 of 
the summary : “Such brittle failures are accompanied by 
but little plastic deformation This refers to service 
fractures which have often been described as completely 
brittle. But in the laboratory a very important inter- 
mediate case is often seen, namely, that in which a 
fracture of brittle appearance is preceded by large 
energy absorption. In fact narrow internally 
notched plate specimens the energy absorbed preceding 
brittle fracture is no less than that preceding the 
inception of ductile fracture. Energy to maximum 
load in such specimens shows no change at the tem- 
perature of the fracture transition 

The Navy Tear Test specimen also is narrow in rela- 
tion to thickness; is it fair to sav that it reveals only 
the fracture transition? Figure 3 is ineorrect when it 
refers to energy to maximum load in a narrow internally 
notched plate. Is it also incorrect when it refers to 
energy to maximum load in a tear test specimen? 

The effect of “multidirectional” (i.e., three-direc- 
tional) stresses or “‘notches causing restraint’? has been 


reduced to numerical measure by Sternberg and Sadow- 


Wendell P. Roop, Anchorage arm, Sewe N.J 


I 
Paper by T. N. Armstrong, N. A. Kahn and Helmut Thielsch was pub 
ished in the August 1952 Supplement to Tae Weipinc Journat, pp 
to 380-« 
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sky,* not cited by the authors These authors show 
that in the worst possible notch the flow-generating 
shear stress is still about four-fifths of that in the case 
most favorable to plastic flow. 

The reference to the triaxial state of stress in pressure 
vessels leads me to inquire whether numerical estimates 
of this triaxiality can be cited. 

Che authors state that there is no test that can be 
used to select steels safe for use under predictable con- 
ditions. Should we understand that they believe such 
a test to be impossible? 

The diagrams in Figs. 6 and 7 must be taken as 
schematic, perhaps in part hypothetical. They repre- 
sent the idea of the two transitions but do not demon- 
strate it to be correct. Important new data not cited, 
and not clearly confirming these diagrams “are those ot 
Harris, Rinebolt and Raring.t 

Referring to the discussion of mechanical factors af- 
fecting transition temperatures, let me ask 

a Would the authors agree that the numerical 
degree of “‘multiaxiality”’ is almost wholly un- 
known? 

b) Is *‘section size’’ to be measured in area alone, or 
do width and thickness have separate and 
different effects? 

c) Do the authors entertain the hope that the very 
sound qualitative advice they give under 
“Effects of Design” can be sharpened and re- 
duced to numbers by further study? 

Such an interpretative statement as this is enor- 
mously useful, provided it is accepted on an interim 
basis. It is my own belief that we have not long to 
wait for a considerable advance in our knowledge of 
this subject, and that it may soon be possible to draw 
firmer conclusions, especially with reference to the cor- 
relation of “behavior of small-scale test specimens with 


the service behavior of large sections.” 


Authors’ Reply 


The authors appreciate Captain Roop’s extensive 
comments and feel that before attempting to reply to 
the specific points he raises it might be in order to make 
a brief statement of the object of the interpretive re- 
ports sponsored by the Materials Division of the Pres- 
sure Vessel Research Committee 

Because there has been such a vast amount of re- 
search conducted on the properties olf me tals within the 
last decade, more information has been presented than 
has been digested and, in some instances, conflicting re- 
sults have led to confusion Also, there has been con 
siderable duplication of effort, which at times has served 
no useful purpose. The attitude of the Materials 
Division of PVRC has been that a much more useful 
service could be performed by correlating and summa 
rizing the information already available onthe character- 
istics of materials and presenting the information in the 

* Ini. Appl. Mech., 16, 149-157 (June 1949 
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form of interpretive reports than by initiating additional 
research work. The reports have been prepared with 
the idea in view of not only summarizing existing knowl- 
edge on a particular subject in a manner that will be 
understandable to the engineer who has not had special- 
ized training in the particular field but also stimulating 
more fruitful research by pointing out gaps in the knowl- 
edge. These summaries cannot be considered other 
than progress reports as there is not even faint inference 
that our knowledge on any of the subjects selected is by 
any means complete. Perhaps there is some over- 
simplification but as Captain Roop states, this is un- 
avoidable in preparing reports of this type. 

Captain Roop points out that in some laboratory 
tests, energy absorption preceding brittle fracture may 
be quite large, and in certain instances may be just as 
great as when preceding ductile fractures. The authors 
agree but feel that this does not reflect on the validity 
of the statement in the summary: “Such brittle failures 
are accompanied by but little plastic deformation.” 

Captain Roop inquires whether it is fair to say that 
the Navy tear test reveals only the fracture transition. 
The work performed at Lehigh University for the Pres- 
sure Vessel Research Committee (9)* indicates that 
when the percentage of lateral contraction below the 
notch, for example, is used as the criterion of brittle- 
ness, the Navy tear test can be used to reveal a ductility 
transition. 

Figure 3 is not incorrect in including “energy to maxi- 
mum load” as one of the possible criteria to define transi- 
tion since the diagram represents a schematic generali- 
zation of the phenomenon. It will be noted that A. 
Boodberg, ef al. (Figs. 8 and 9 (54)), used energy to 
maximum load as a transition criterion in connection 
with 12-in. wide centrally notched plate specimens. In 
connection with the tear test, energy to maximum load 
is not a discretionary characteristic with respect to re- 
vealing transition and energy to propagate fracture is 


* Numbers in parentheses refer to references appended to the authors’ 


used as the criterion. It was not intended that all of 
the criteria indicated in Fig. 3 be applicable to each test 
method utilized for evaluating notch sensitivity of steel. 

The work of Sternberg and Sadowsky, referred to by 
Captain Roop, appears to be limited to stress distribu- 


tion around spherical and spheroidal cavities. 

Some progress has been made in determining numeri- 
cal estimates of triaxiality but none of the work as vet 
appears to be sufficiently complete for use in general 
design calculations. 

There was no intent to convey the idea that it was 
impossible to develop a test that would indicate the be- 
havior of steel as it is used in a particular structure but 
as yet no satisfactory test has been developed that ful- 
fills this purpose. It was mentioned that some recently 
developed tests show promise. 

In answer to the three questions raised in connection 
with the effect of mechanical factors on transition tem- 
perature: 


(a) Certainly the numerical degree of multiaxiality 
is not almost wholly unknown but as yet it has not been 
reduced to generally accepted formulas. The work of 
G. Welter at Ecole Polytechnique offers some promise 
of an acceptable solution as does the work of other in- 
vestigators. 

(b) Geometry as well as section area is a factor. 
The restraining effect of width is frequently considered 
to be less than that of depth in small sections. 

(ec) Considerable progress has been made in devel- 
oping quantitative design data, particularly in relation 
to reinforced openings and external loading, in studies 
under the direction of the Design Division of PVRC 
and it is anticipated that this information will be made 
available in the not too distant future. 


The authors agree with Captain Roop it will be pos- 
sible to draw firmer conclusions as our knowledge of the 
subject increases. If the report does nothing else than 
confirm the need for further knowledge by stating only 
what we do know, it has served a useful purpose. 


Discussion—Brittle Behavior 


DECEMBER 1952 


% 
( 
— 
i 
} 
624-s 
f 


help F. C. Russell Co. braze weld 100 metal 


F. C. Russell Co., Cleveland, Ohio is a large multi-plant 
organization turning out more than a million metal windows 
a vear. Production efficiency is boosted with AN «CONDA-997 
(Low Fuming) Bronze Welding Rod 

AnAconpdA-997 Welding Rod is widely used for joining 
copper alloys, cast iron, malleable iron, steel and nickel 


alloys by oxvacetylene braze welding. It is ideal for repair 
welding all types of industrial machinery and equipment 
It is also used to deposit bearing surfaces 

Perhaps the Russell “success story” can be applied to your 
business. Whether your production 1S large or small, there 
is likely to be an ANACONDA Welding Rod for vour purpose 
Thev are sold by distributors throughout the United States 


BONDERIZED STEEL FRAMES, braze welded with ANAC 


combination screen and storm sash. Foreman Jack Hollister points out brazed frame corner 


Production Story 


1,000,000 windows a year 


\ 


GOOD-FLOWING BRONZE ROD, such os SPECIAL WELDING FIXTURES, shown in 4, LOW FUMING CHARACTERISTICS of 
ANACONDA-997, is needed to run the close-up, developed by ‘“Rusco”’ engineers, ANACONDA-997 Bronze Rod allow welders 
braze metal into a groove .300" deep to hold facilitate rapid brazing of their windows. So like John Jenkins to work in comfort full time 


screening in place. Each corner is brazed and does ANACONDA-997 Bronze Rod. It ‘tins Here he brazes handles on screen inserts for the 
the fillet is run right up to the edge of the section readily. The work stays clean, is easily finished windows. Weld quality comes first; speed next 


ONDA-997 Bronze Rod, make the famous “Rusco” metal 


Ingenuity. modern techniques, and good welding rod 


windows an hour. 


For tull information about ANACONDA Welding Rods and 
the latest welding techniques, write for Publication B-13 
Ihe American Brass Company, Waterbury 20, Connecticut 
In Canada: Anaconda American Brass Ltd... New Toronto 
Ontario 


braze or weld with confidence 


welding rods 
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500 psi hydrostatic pressure tests, 43% 

higher than usual test requirements, are 

standard procedure with Pyrene extin 

guishers before leaving the production 

line (high pressure tests of 1000 psi show 

no breakoge 
Semi-automotic Heliwelding of type 301 
stainless steel is a high-speed operation 
at the Pyrene Manufacturing Co. of New- 
ork, N. J. Here, jig-mounted stainless 

teel cylinder bodies are longitudinally 


weld-seamed at 90° per minute 


Finger-tip controlling two No. 10 Radia 
graph arms, one operator ultaneously 
Heliwelds two 10 


end seoms in 41 


HELIWELDED PYRENE FIRE-STOPPEX — Discharges formed, welds are exceptionally strong and clean 
an easily directed 40-fcot stream. The new stain- Gas shielded electrodes provide a highly concen 
trated arc permitting high-economy production 


less steel gas-cartridge-operated Pyrene Water 
Type Fire Extinguisher eliminates two important 
fire protection problems ... annual recharging if 
metals, stainless steel, aluminum, on a production 


welding with a minimum of distortion. 
youre welding thin sections of the “problem” 
and the danger of working with acid... and its 
price is comparable to older soda-acid equipment basis. Airco Heliwelding can help you. Find out 
Pyrene’s answer for meeting the cost problem how from y neareé irco office. Please address 
Lighter weight equipment, stronger Advertising Department, 60 East 42nd Street, 
Airco’s semi-automatic Heliwelding process. New York 17, N. Y. for your = 
Why? Because Heliwelding, with its inert gas copy of ADC-709: Heliwelding. = 
shield, eliminates the need for flux. No slag is AT THE FRONTIERS OF PROGRESS YOU'LL FIND = aT 
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Air REDUCTION 


® AIR REDUCTION SALES COMPANY + AIR REDUCTION MAGNOLIA COMPANY «+ AIR REDUCTION PACIFIC COMPANY 


REPRESENTED INTERNATIONALLY BY AIRCO COMPANY INTERNATIONAL 


DIVISIONS OF AIR REDUCTION COMPANY, INCORPORATED 
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